Sjøpattedyr og petroleumsvirksomhet i norske farvann by Griffiths, D.J. et al.

SERIE B 
1987 Nr 1 
Begrenset distribusjon 
varierende etter innhold 
(Restricted distribution) 
%> 
MARINE MAMMALS AND PETROLEUM ACTIVITIES IN NORWEGIAN WATERS 
(SJØPATTEDYR OG PETROLEUMSVIRKSOMHET I NORSKE FARVANN) 
A review of the literature on the effects of petroleum on 
marine mammals and recommendations for further research. 
En gjennomgang av litteratur om virkningene av olje på sjØ- 
pattedyr, med vurdering av behovene for videre undersØkelser 
D.J. GRIFFITHS 
Department of General Physiology, Institute of Biology, Uni- 
versity o£ Oslo, P.O.Box 1051 Blindern, 0316 Oslo 3, Norway, 
N.A. ØRITSLAND 
The Norwegian Polar Research Institute, P.O.Box 158, 1330 
Oslo Lufthavn, Norway, 
and (og) 
T. ØRITSLAND 
Institute o£ Marine Research, P.0, Box 1870, 5024 Nordnes 
( Bergen ) , Norway. 
D E G R E E S  E A S T  
I I I I I I I I 1 
4 6 18 28 22 2 4 2 6 2 8 30 32 
FRONTISPIECE 
PROPOSED BARENTS SEA OIL PRODUCTION LEASE AREAS 
O .  FOREWORD 
T h i s  l i t e r a t u r e  review is e d i t e d  from a  206 page document d a t e d  
J a n u a r y  1986 by D.F. G r i f f i t h s  and N.A. Ø r i t s l a n d .  T h r o u g h  t h e  
e d i t i n g  p r o c e s s  a d d i t i o n a l  u p d a t e d  and s o m e t i m e s  u n p u b l i s h e d  
i n f o r m a t i o n  on p o p u l a t i o n  s i z e  and d i s t r i b u t i o n  was  c o n t r i b u t e d .  
The work h a s  been  c o m m i s s i o n e d  b y  t h e  M i n i s t r y  o f  O i l  and E n e r g y  
upon recommendation of  i t s  Working Group (OED/AKUP) on Consequence 
Analyse o f  O i l  E x p l o r a t i o n ,  a s  an e l e m e n t  of a  program t o  r ev iew and 
a n a l y s e  consequences of opening new pet ro leum l e a s e s  i n  t h e  s e a  o f f  
Troms amd F i n n m a r k  c o u n t i e s ,  n o r t h e r n  Norway, f o r  p r o s p e c t i n g  
( F r o n t i s p i e c e ) ,  
One p u r p o s e  o f  t h e  p r e s e n t  work i s  t h e r e f o r e  t o  c r i t i c a l l y  
r e v i e w  l i t e r a t u r e  t h a t  c a n  b e  a p p l i e d  i n  t h e  C o n s e q u e n c e  A n a l y s i s  
t h a t  t h e  M i n i s t r y  w i l l  d i r e c t  f o r  t h e  p o t e n t i a l  n o r t h e r n  o i l  f i e l d s .  
The e f f e c t s  of  p e t r o l e u m  p o l l u t i o n  on m a r i n e  mammals,  b o t h  from 
n o r m a l  e x t r a c t i o n  o p e r a t i o n s  and f rom s p i l l s  and b l o w o u t s ,  a r e  
e v a l u a t e d .  W h e t h e r  m a r i n e  m a m m a l s  a r e  a f f e c t e d  d u r i n g  t h e  
e x p l o r a t o r y  p h a s e  of d r i l l i n g ,  by n o i s e ,  b l a s t i n g  d u r i n g  s e i s m i c  
mapping and p o l l u t i o n  f r o m  d r i l l i n g  muds and o t h e r  c h e m i c a l s ,  i s  
a l s o  c o n s i d e r e d .  F o r  t h i s  p u r p o s e ,  a l l  s o u r c e s  h a v e  b e e n  u t i l i z e d  
i n c l u d i n g  d a t a  on s p e c i e s  n o t  i n d i g e n o u s  t o  Norway, R e s u l t s  f r o m  
a c t u a l  o i l  s p i l l s  and e x p e r i m e n t a l  work p u b l i s h e d  i n  r e f e r e e d  
j o u r n a l s ,  u n p u b l i s h e d  d e p a r t m e n t a l  r e p o r t s  a n d  p e r s o n a l  
communicat ions have a l l  been used. 
The s e c o n d  o b j e c t i v e  i s  t o  i d e n t i f y  p o p u l a t i o n s  o f  m a r i n e  
mammals known t o  u s e  c o a s t a l  and o f f s h o r e  Norwegian w a t e r s  which a r e  
a l r e a d y  o r  l i k e l y  t o  be  p o l l u t e d  by o i l  and t h e  e f f e c t s  of n o i s e  and 
o t h e r  p o l l u t a n t s  o f  p e t r o l e u m  r e c o v e r y  a c t i v i t i e s  o n  t h e s e  
p o p u l a t i o n s .  By r e f e r r i n g  b a c k  t o  t h e  known e f f e c t s  o f  t h e s e  
p o l l u t a n t s  on t h e  d i f f e r e n t  s p e c i e s ,  we t h e n  a t t e m p t  t o  p r e d i c t  
w h e t h e r  t h e s e  p o p u l a t i o n s  w i l l  b e  ha rmed  by e x p o s u r e  t o  o i l  
produc t ion  a c t i v i t i e s ,  and i f  s o  i n  what way. I n  doing t h i s  we t h i n k  
of m a r i n e  mammals f i r s t l y  a t  t h e  p o p u l a t i o n  l e v e l  b u t  e q u a l l y  
i m p o r t a n t  a t  t h e  l e v e l  o f  t h e  i n d i v i d u a l  animal.  
The t h i r d  o b j e c t i v e  i s  t o  i d e n t i f y  t h e  g a p s  i n  k n o w l e d g e  t h a t  
pseven t  u s  from e s t i m a t i n g  b s t h  t h e  p r e s e n t  e f f e c t  of  o i l  p o l l u t i o n  
on m a r i n e  mammals a r o u n d  Norway and t h e  p r o b a b l e  e f f e c t s  a f t e r  
f u t u r e  i n t e n s i f i c a t i o n  of  t h e  s e a r c h  f o r  o i l  nor thward i n t o  c o l d e r  
and d e e p e r  s e a s ,  and t o  p r o p o s e  f u r t h e r  r e s e a r c h  t o  c o v e r  t h e s e  
d e f i c i e n c i e s .  
N o r w e g i a n  o i l  e x t r a c t i o n  a n d  p r o s p e c t i n g  o p e r a t i o n s  a r e  
e x t e n s i v e  i n  t h e  Norwegian  and N o r t h  S e a s  and, a r e  c o n s t a n t l y  
expanding nor thward towards  p o l a r  s e a s  r i c h  i n  mar ine  mammal l i f e .  
To o u r  s u r p r i s e ,  t h e  c o n s e q u e n c e s  f o r  m a r i n e  mammals o f  sil  
p o l l u t i o n  have never  been s e r i o u s l y  e v a l u a t e d  i n  connec t ion  w i t h  any 
of t h e s e  o p e r a t i o n s .  E l u c i d a t i o n  of o i l - m a r i n e  mammal i n t e r a c t i o n s  
i n  b o t h  n o r t h e r n  p o l a r  s e a s  and s o u t h e r n  open  c o a s t a l  w a t e r s  t h u s  
appeared r e l e v a n t  and is inc luded  i n  t h i s  r e p o r t .  
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1. NORWEGIAN SUMMARY AND RECOMMENDATIONS 
1.1 Sammendrag 
I de havområdene utenfor Troms og Finmark som er elles fos- 
ventes å bli åpnet for oljeletingsvirksomhet, vil fQlgende 
sj@pattedyr kunne forekomme gjennom hele eller deler av året 
og påvirkes av olje fra en utblåsing: granlandssel, klapp- 
myss, storkobbe, snadd (ringsel), vågehval, knal, finnhval, 
seihval, blåhval, sperm, spekkhogges, flere arter mindre 
tannhval som kvitnos og kvitfisk, isbjarn og dessuten gran- 
landshvalen som er meget sjelden og nærmest utryddet i det 
nord@atlige Atlanteshav. Alle disse opptrer hovedsakelig 
pelagisk eller i forbindelse med drivis, men flere kommer 
også inn i norske kystfarvann. På norskekysten, finnes det i 
tillegg også lokale bestander av steinkobbe (fjordsel), 
havert (gråsel) og oter. 
Hvilke av disse som påvirkes av o1 je og o1 jevirksomhet av- 
henger av sted, årstid og hvor lang tid som er gått etter et 
oljeutslipp, I leteområdet i Barentshavet finnes det drivis 
på senvinteren, men i den isfrie perioden er vannet ikke 
spesielt kaldt og da kan det ikke Sosven%es at olje vil spp- 
fore seg anderledes der enn i områdene lengre sos som £.eks. 
ved Statfjord eller Ekofisk. 
Olje som slipper ut i drivisen hspes opp mellom flakene, 
vanligvis i lag på ca. en cm. I tung pakkis og i fast is 
vil oljen samle seg opp i tykke lag i råker, i selenes 
pustehull og i de faste landråkene. Bevegelser i isen vil i 
tillegg presse oljen opp på overflaten av isflakene der den 
forst vil kunne finnes som oljedammer og senere som en s@rpe 
av olje og sna. Olje som tvinges under isen vil bli fanget 
opp av den ujevne undersiden og bli frosset inn i takt med 
dannelsen av nyis. Dette er ikke noe akutt problem, men kan 
bli av betydning som en forurensningskilde for dyr som er i 
området den falgende sommer når oljen siver opp til isens 
overflate. Forvitringen av slik olje går langsomt, og oljen 
forblir giftig i lange perioder, særlig den oljen som er 
innleiret i selve isen. Pattedyr som grØnlandsse1, stor- 
kobbe, klappmyss, snadd og isbjØrn kan bli kraftig tilsØlt. 
Etter fordamping av de lettere komponentene kan oljen bli så 
tung at den synker og forsvinner fra overflaten. Den vil 
imidlertid kunne samles i et overgangslag mot saltere vann 
som finnes mellom fem og ti meter nede i vannmassene. 
Olje som slippes ut i åpen sj@, spres pga. vind og bØlge- 
virkninger forholdsvis hurtig til tynne lag. Slike lag kan 
være fra 10- til lod4 m tykke med ujevnt fordelte tykkere 
flak inniblant. En utblåsing i Barentshavet kan medfore at 
Troms og Finnmarkskysten fra omkring T r o m s @  til Varanger- 
halvoya blir tilsolt av olje, med de stØrst mengder på SØr- 
@ya og Nordkinn. Oljen vil kunne komme inn til strendene 
omkring 2 1/2 dag etter utslippet. I lØpet av denne tiden 
vil de letteste og giftigste oljekomponentene ha fordampet 
slik at det vil foreligge en ~Ørpelignende emulsjon av oje i 
vann. Denne emulsjonen kan bli kastet inn på strender og 
svaberg hvor den vil kunne klebe seg til kystsel (steinkobbe 
og havert) og oter. Hvis det ikke blir iverksatt opprensk- 
ingsaksjoner, vil mesteparten av oljen sannsynligvis likevel 
vaskes vekk av balger, mens oljen som ligger h@yere enn 
bolgenes normale rekkevidde vil forvitres til seig tjære som 
kan bli liggende i flere tiår. 
Manglende kunnskaper og data gjØr det vanskelig å vurdere 
skadevirkningene av olje på sjcppattedyr. I noen tilfeller 
er imidlertid virkningene klare. Det har b1.a. vist seg at 
olje vil ha en dØdelig virkning både på isbjØrn, sjØotere og 
otere. Vi kan si med stor sikkerhet at omtrent alle isbj@rn 
og otere som kommer i kontakt med olje fra Barentshavet, vil 
d@, både fordi pelsens varmeisolerende egenskaper @delegges 
og på grunn av giftvirkninger på indre organer, særlig 
fordØyelses- og ekskresjonorganene, blodsirkulasjonen og 
nervesystemet. 
Det ser ut til at ekte sel (familien Phocidae), dvs. alle 
sel i norske farvann, tåler en kort tids kontakt med olje i 
varmere havområder, Sel med olje på buden synes å oppfØre 
seg normalt uten å være plaget- Utvendig tålsoling av 
snadd i isfylt farvann synes, i hvertfall for noen indi- 
vider, å ha en nedbrytende og livstruende virkning, men 
datagrunnlaget for denne vurderingen er svært ufullstendig. 
Den fqrste og mest på£allende virkningen er Oyeirritasjon og 
sårdannelse i hornhinnen, og noen få se% vil kunne bli 
blindet av fersk olje. I realiteten vil imidlertid olje i 
naturen vanligvis være forvitret og ha mindre irritasjons- 
virkning fqr den kommer i kontakt med selkolonier. I eksper- 
imentelle situasjoner har sel omkommet og vist tegn på 
reaksjoner i nervesystemet etter kontakt med tykke oljelag. 
En s å  konsentrert tilsqling med fersk olje er likevel ikke 
særlig sannsynlig i åpne farvann, mens muligheten er til- 
stede i isfylte områder. Noen dyr som svelger olje vil om- 
komme flere dager senere pga. skader i tarmer, lever eller 
lunger. Be fleste sel klarer imidlertid å unngå å svelge 
noen betydelig mengde olje. 
Langtådcvirkningene av olje på sel er langt fra tilstrekke- 
lig undersqkt. På kort sikt klarer tils@lte sel å opprett- 
holde en normal kroppstemperatur, og enkelte £orskere har 
derfor ment at oljen ikke har noen irritasjonsvirkning på 
selens hud. Kroppstemperaturen opprettholdes imidlertid ved 
en balanse mellom varmeproduksjon (metabolisme) og varmetap, 
og en normal kroppstemperatur betyr m.a,s, bare a$ balansen 
er tilstede. Det er ikke gjort målinger, herken av metabo- 
lisme eller av varmetap, hos oljetilsqlt sel, og det fore- 
ligger endel informasjon som tyder på at langvarig eksponer- 
ing til olje virkelig medfqrer irritasjon i huden. Spqrs- 
målet om hvorvidt langvarig oljetilsqling av sel medfqrer 
irritasjon eller inflammasjon i huden med tilhqrende qkning 
av varmetapet, må klarlegges gjennom praktiske undersqk- 
elser. 
Den sterke sammenhengen mellom hudinflammasjon, total 
energibalanse og selens overlevingsevne tilsier at slike 
undersqkelser må gis kqy prioritet. 
Det har vist seg at under eksperimentelle betingelser kan 
delfiner oppdage og unngå tykke oljeleg på vannflaten, men 
ikke de tynne lagene som dannes i Papet av kort tid etter 
oljesØl eller utblåsing i åpent hav. Det er observert at 
flere arter av hval, inklusive delfiner, har oppfort seg 
normalt og spist inne blant oljeflak, og derfor har man 
antatt at de enten ikke kan eller ikke behover å unngå olje 
på havflaten. Eksperimentelle undersokelser har også vist at 
kortvarig kontakt med råolje ikke medfØrer noen vesentlig 
skade, men at langvarig kontakt med raffinerte oljeprodukter 
forårsaker skader (erosjon) i overhuden. I praksis vil 
skader pga. råolje sannsynligvis være ubetydelige hos hval 
fordi oljen vil bli vasket av igjen straks etter at den er 
kommet i kontakt med dyrene. Eventuelle indre påvirkninger 
av olje i hval er ukjente og er ikke tilstrekkelig under- 
sakt. Oljemengden som en hval kan få i seg vil variere fra 
art til art, men den kan bli stor hos arter som spiser ved å 
skumme langs overflaten med åpen munn. Så lenge oljepå- 
virkningen på de indre organer hos disse dyrene ikke er 
kjent, vil det heller ikke være mulig å ha noen bestemt 
oppfatning om virkningen av olje på hval. 
Hvorvidt andre utslag av oljerelatert virksomhet, som stØy 
fra boring, undervannseksplosjoner, utslipp av giftige 
kjemikalier og stØy fra skip og luftfartØyer har skadelige 
virkninger på sjØpattedyr, avhenger av hvilke arter det 
dreier seg om. Små delfiner og sel er blitt drept av under- 
vannseksplosjoner, men antallet dyr som utsettes for slik 
påvirkning vil sannsynligvis være lite. Sårbarheten overfor 
sjokkbalger avtar med Økende kroppstorrelse, og det er lite 
sannsynlig at store hval vil være i faresonen. Det er vist 
at stØy £ra skipstrafikk kan forstyrre hval og få dem til å 
forandre kurs, men det er vanskelig å danne seg noen sikker 
oppfatning om hva disse atferdsendringene betyr for dyrene. 
Vi antar imidlertid at de ikke spiller noen særlig rolle for 
overleving eller bestandsutvikling, De fleste hval har 
klare årlige vandringsmqnstre, men de lokale bevegelsene er 
opportunistiske, og det har neppe noen betydning at de må 
forandre trekkretning i korte perioder. Det er imidlertid 
mulig at et relativt stort antall knØlhva1 kan bli betydelig 
forstyrret av eksplosjoner og annen s t ~ y  når de på sine 
faste årlige vandringer langs Finnmarkskysten passerer 
gjennom områdene som nå foreslås åpnet for oljeleting. Fordi 
bestanden i det nordØstlige Atlanterhav er betydelig 
redusert, er det viktig at man overvåker knØlhvalens 
reaksjoner på oljevirksomheten i områder der dyrene vil 
passere to ganger pr. år slik at st~ynivået kan senkes hvis 
det viser seg å ha en skadelig virkning. 
Steinkobbe og havert blir også lett skremt av menneskelig 
aktivitet og vil uten tvil bli jaget bort når det gjennom- 
fØres opprenskingsaksjoner langs kysten. Selen vil sannsyn- 
ligvis vende tilbake til sine tilholdsteder etter noen 
dager når virksomheten er avsluttet, men det må forventes en 
viss dØdelighet blant ungene pga. sult hvis opprensings- 
aksjoner finner sted i selens fØdsels- og dieperioder. 
På grunnlag av registrerte resultater av oljes@% og data fra 
eksperimentelle unders@kelser som er gjennomfQrt, kan det 
med stor sannsynlighet forutsies at de fleste isbjØrn og 
oter som forurenses av olje vil d@, mens sel som utsettes 
for kortvarig olJes@% å tempererte farvann ikke vil bli sær- 
lig berort. Ytre tilsØPing vil i de fleste tilfeller ka 
liten virkning på hval, men det er ikke mulig å forutsi 
hvilke indre skades som kan oppstå dersom hval svelger olje. 
1.2 Anbefalinger 
Manglende kunnskaper om virkningen av oljeforurensninger på 
sjØpattedyr, spesielt under vinterforhold med lave tempera- 
turer og over lengre tid, gjØr at man ikke med rimelig grad 
av sikkerhet kan vurdere virkningene, hverken av lete- og 
utvinningsaktiviteter eller av eventuelle utblåsninger i 
Barentshavet. Det foreligger derfor et klart behov for 
videre undersØkelser av flere forhold. Aktuelle forsknings- 
oppgaver drØftes nærmere i et eget avsnitt i rapporten. De 
viktigste undersØkelser som bØr igangsettes snarest, opp- 
summeres i prioritert rekkefØlge i det fqlgende: 
1- Be ytre påvirkninger av kronisk o%jet%ls@lång på se% 
under lave temperaturer, 
Kronisk oljetilsqling av selenes hud, som vil kunne fore- 
komme etter utslipp i drivisen, kan fore til hudinflammasjon 
med oket blodsirkulasjon og varmetap under de tilsolte hud- 
flatene. Dessuten vil kompenserende reduksjon av blodsirku- 
lasjonen under den rene hdden omkring tilsolte flater kunne 
føre til forfrysninger når temperaturen er lav. Det er 
nodvendig å kvantifisere disse effektene for virkningene av 
oljetilsØling på sel i drivisen om vinteren kan forutsies. 
Dessuten er det nødvendig å foreta målinger av absorpsjonen 
av olje gjennom selhud for å kunne vurdere mengden av olje 
som opptas i kroppen etter utvendig tilsØling. 
2. Virkningene av kronisk oljetils@ling på hormonbalanse og 
forplantning. 
Hos sjofugl forer inntak av olje til flere forstyrrelser i 
hormonbalansen som igjen kan fore til redusert vekst og oket 
dødelighet. Akutt oljeeksponering synes ikke å ha tilsvar- 
ende virkninger hos sel, bortsett fra at produksjonen av 
adrenale steroider Øker. UndersØkelser av virkningene av en 
kronisk tilsoling på hormonbalansen i blodplasma vil gjore 
det mulig å vurdere de langsiktige virkninger av oljetilsol- 
ing på sjopattedyr. Sporsmålet om hvorvidt kronisk opptak 
av olje på et lavt nivå influerer på forplantningen på 
tilsvarende måte som polyklorerte bifenyler (PCB), må også 
undersokes. Slike undersokelser kan gjennomfores, f.eks. 
for kystsel, ved tilforing av olje til forsØksdyr og 
intensivert overvåking av kystselbestander på norskekysten. 
3. Olje i den marine næringskjeden i norske farvann. 
UndersØkelser av oljekonsentrasjoner i kroppsvev, både fra 
sjØpattedyr og fra deres byttedyr, vil gi grunnlag for en 
vurdering av oljeeksponeringen gjennom faden. Slike regi- 
streringer bØr gjennomfores både i rene og i forurensede 
områder langs kysten. Samtidige undersokelser av for- 
plantningspotensiale og sykdomsnivå vil bidra til vår viten 
om virkningene av kronisk oljepåvirkning på forplantning og 
immunsystem (jfr. punkt 2). 
4. Petroleumsnivåer i sel med redusert kondisjon. 
Petroleumsprodukter akkumuleres i spekket hos sel og hval. 
Utnyttelsen av spekket, dvs. forbrenningen av spekklagrene, 
i de naturlige sultperiodene (hårfellings- og forplantnings- 
sesongene) og under sykdom, kan £Øre til Økende konsentra- 
sjoner av petroleum i blodplasma og kanskje også i melken. 
Undersakelser av frigjØringen av akkumulert petroleum i dyr 
med avtagende kondisjon (i sultsituasjon) vil gi bedre kunn- 
skaper om sikre nivåer fos oljeprodukter P sjopattedyr. 
5. Patologiske undersØkelser av sj@pattedyr som blir funnet 
dode i forbindelse med oljes@l. 
Det es ofte ikke mulig å vurdere rapporter om oljetilsØlte 
sjapattedyr fordi det har gått for lang tid mellom d@den og 
en faglig undersokelse. P flere tilfeller har slike under- 
sØkelser heller ikke vært faglig tilfredstillende, eller de 
er overhodet ikke utfart. 1 fØrste omgang burde det gjennom- 
fores en opplysningskampanje med sikte på å bedre innrappos- 
teringen av d@de sjØpattedyr som blir funnet langs norske- 
kysten. Dernest burde det etableres en Piten spesialist- 
gruppe av veterinærer med særlig oppgave å gjennomfqre 
petologiske undersØkelser av slike dyr, spesielt hvis det er 
grunn til å tro at olje er en medvirkende d~dsårsak. Slike 
undersØkelser vil få betydning, ikke bare for belysning av 
oljeproblematikken, men også for det offentlige helsestell. 
Registreringer av patologiske og %ysåolsgiske tilstander 
sammenholdt med målinger av petrsleumswivåer i kroppvevene 
vil bidra til kunnskapene om oljens toksiske virkninger. 
6. BØdelighet blant isbjqrn etter oljesol. 
Det fremgår av tidligere uwdess@kelser at de fleste åabj@rw 
som blir tils@$t av olje, $,eks, P forbindelse med en ut- 
blåsning, vil d@ dersom de ikke blir tatt under behandling. 
Det antas også at problemer i forbindelse med innfanging og 
transport av disse store pattedyrene i praksis vil gjØre det 
vanskelig eller umulig å gjennomfqre den behandling som er 
nØdvendig. Den eneste muligheten for å Øke forståelsen av 
oljens innvirkning på isbjØrn synes derfor å være at det 
blir gjennomfØrt registrering og tellinger av isbjØrn i den 
sØrlige del av Barentshavet om vinteren når det er is i om- 
rådet som ventes.åpnet for oljevirksomhet. Slike tellinger 
vil gjØre det mulig å vurdere hvor mange dyr som kan ventes 
å omkomme i forbindelse med oljesØ1. ForelØpig er fore- 
komstene av isbjqrn i disse områdene ikke kjent. 
7. Virkninger av stØy på hval i Barentshavet. 
I Barentshavet er det spesielt knqlhvalen som kan påvirkes 
av stØy fra oljevirksomheten, slik at vandringsmØnsteret 
forstyrres og rekrutteringen hemmes. Det er tidligere på- 
vist at knØlhvalen er en av de hvalartene som reagerer på 
undervannsstØy. 
Vi anbefaler registrering og tellinger av spesielt denne, 
men også andre hvalarter for å undersoke bestandsstØrrelsen 
og sesongmessig vandringsmQnster. Som en videreforing av 
slike tellinger anbefaler vi også at virkningene av under- 
vannsstØy på knØlhva1 blir undersqkt nærmere. 
MARINE NAMMA]LS IN NORWAY AND ADJACENT WATERS 
I n  t h i s  c h a p t e r  we s h a l l  document t h e  s p e c i e s  of mar ine  mammals 
i n  c o a s t a l  and o f f s h o r e  Norwegian w a t e r s ,  w i t h  emphasis  on s p e c i e s  
t h a t  o c c u r  i n  t h e  B a r e n t s  S e a  and a d j a c e n t  c o a s t s  t h r o u g h o u t  o r  
d u r i n g  p a r t s  o f  t h e  y e a r .  
2.1.1 Common sea1 
Common o r  h a r b o u r  s e a l s  (Phoca  v i t u l i n a )  a r e  c o a s t a l  s e a l s  
found ( i n  E u r o p e )  f r o m  F r a n c e  n o r t h w a r d  t o  S v a l b a r d ,  and a r o u n d  
I c e l a n d  and G r e a t  B r i t a i n  ( F i g .  l a ) .  I n  Norway l o c a l i z e d  b r e e d i n g  
c o l o n i e s  a r e  found  among s k e r r i e s  and s m a l l e r  r o c k y  i s l a n d s ,  b o t h  
a l o n g  t h e  o u t e r  c o a s t l i n e  and i n  some o f  t h e  d e e p  f i o r d s  a l o n g  t h e  
e n t i r e  c s a s t  ( T a b l e  1 ;  F i g .  Ib ) .  A s m a l l  g r o u p  o f  common s e a l s  h a s  
e s t a b l i s h e d  i t s e l f  on t h e  wes te rn  s h o r e  o f  P r i n s  K a r l s  f o r l a n d ,  West 
S p i t s b e r g e n ,  r e p r e s e n t i n g  t h e  most n o r t h e r l y  e x t e n t  of  t h e  s p e c i e s  
t o  d a t e  (Krog and Bjarghov,  1973). 
The s p e c i e s  Is g e n e r a l l y  c o n s i d e r e d  n o n - m i g r a t o r y ,  a l t h o u g h  
s e a s o n a l  movements do t a k e  p l a c e  i n  some a r e a s  (Van Bemmel, 1956). 
I n  a d d i t i s n ,  some i n d i v i d u a l s  rnay t r a v e l  l o n g e r  d i s t a n c e s  s u c h  a s  
a c r o s s  t h e  E n g l i s h  Channel (Bonner and Whit thames,  1974). 
P u b e r t y  o c c u r s  a t  f i v e  t o  s i x  y e a r s  o f  a g e  i n  t h e  m a l e  and 
t h r e e  t o  f o u r  y e a r s  f o r  t h e  f e m a l e  ( B o u l v a  and McLaren,  1979).  
Whe lp ing  e x t e n d s  u s u a l l y  f r o m  mid-June  t o  m i $ - J u l y  f o r  European  
s e a l s  ( B o n n e r ,  1972) .  The pups  a r e  a l m o s t  a l w a y s  b o r n  on l a n d  
(Boulva and McLaren, 1979), b u t  a r e  a b l e  t o  s w i m  from t h e  moment o f  
b i r t h  a n d  may b e g i n  t o  e n t e r  t h e  w a t e r  f r o m  t h e  f i r s t  d a y .  
L a e t a t i o n  i n  t h e  B r i t i s h  p o p u l a t i o n  l a s t s  f o r  some t h r e e  t o  f o u r  
weeks ( H a r r i s o n ,  1960; Curry-Lindahl ,  1975) and mothers  make d a i l y  
Common and grey seals in Norway. Minimum numbers estimated from direct counts 
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Figure. da. Comon sea1 distribution in European waters 
Figure lb. Distr ibution of l a rpe r  common sea1 colonies 
along the  Norwegian coas t  
f e e d i n g  e x c u r s i o n s  t o  s e a  d u r i n g  l a c t a t i o n .  Mating o c c u r s  i n  August 
and e a r l y  September abou t  two weeks a f t e r  weaning (Har r i son ,  1960). 
The mat ing  p e r i o d  i s  preceded by f i g h t i n g  between t h e  males  than  can 
b e  v i o l e n t  ( B o u l v a ,  1979;  S u l l i v a n ,  1981) .  M a t i n g  i s  i n i t i a t e d  by 
t h e  m a l e  and  a l w a y s  o c c u r s  i n  t h e  w a t e r  ( V e n a b l e a s  and V e n a b l e s ,  
1957; Al len ,  1985). The l e n g t h  of  d i a p a u s e  is  n o t  c l e a r  f o r  European 
p o p u l a t i o n s ,  b u t  i m p l a n t a t i o n  p r s b a b l y  o c c u r s  i n  e a r l y  November 
a f t e r  a  d e l a y  o f  some two and one h a l f  months, based on c a l c u l a t i o n s  
from American popu la t ions .  
Moult ing of  t h e  a d u l t  p e l a g e  o e c u r s  a n n u a l l y ,  probably  i n  J u l y  
and e a r l y  Augus t  b e f o r e  t h e  b e g i n n i n g  of b r e e d i n g  ( V e n a b l e s  and 
V e n a b l e s ,  1957). 
Newly weaned pups f e e d  on bottom d w e l l i n g  c r u s t a c e a  f o r  s e v e r a l  
months .  O l d e r  a n i m a l s  f e e d  on a  v a r i e t y  o f  f i s h ,  c e p h a l o p o d s  and 
e r u s t a c e a n s  i n c l u d i n g  h e s r i n g ,  cod, salmon,  and f l a t f i s h  and consume 
a b o u t  5% o f  t h e  body w e i g h t  p e r  day.  Feed. ing  i s  t h o u g h t  t o  o c c u r  
mos t ly  i n  t h e  e a r l y  morning. 
F a c t o r s  of p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. H a r b o u r  s e a 1  a r e  p e r m a n e n t l y  r e s i d e n t  a l o n g  c o a s t s  and do n o t  
move g r e a t  d i s t a n c e s .  
2. Pups s w i m  a t  a  few days  o f  age  and would become o i l - f o u l e d  by any 
oil .  s l i c k .  
3. L a s t a t i n g  f e m a l e s  would  become o i l - f o u l e d  d u r i n g  t h e i r  d a i l y  
f eed ing  e x c u r s i o n s ,  p o s s i b l y  t r a n s f e r r i n g  o i l  t o  pups. 
4. S e r i o u s  d e p l e t i o n  o f  c r u s t a c e a  and o t h e r  i n v e r t e b r a t e s  from o i l  
t o x i c i t y  c o u l d  t h r e a t e n  f i r s t  y e a r  s e a l s  b u t  p r o b a b l y  n o t  o l d e r  
animals .  
5. H a r b o u r  s e a l  a r e  f l i g h t y  and d i s t u r b a n c e  d u r i n g  o i l  d i s p e r s a l  
o p e r a t i o n s  could  cause  t e m p o r a r y  a b a n d o n m e n t  o f  h a u l - o u t  s i t e s .  
2.1.2 Grey sea1 
C o a s t a l  p o p u l a t i o n s  o f  g r e y  s e a l s  ( H a l i c h o e r u s  a r v ~ u s )  a r e  
found a long t h e  c o a s t s  of t h e  United Kingdom, I r e l a n d ,  I c e l a n d ,  t h e  
Færoe I s l a n d s ,  Norway, t h e  Kola  P e n i n s u l a ,  e a s t e r n  Canada and 
G r e e n l a n d ,  w h i l e  i c e - b r e e d i n g  p o p u l a t i o n s  o c c u r  i n  t h e  B a l t i c  S e a  
and t h e  Gul f  o f  S t .  L a w r e n c e  ( F i g .  2a ) .  I n  Norway t h e r e  i s  a  l o c a l  
c o a s t a l  s e a 1  d i f f e r i n g  i n  d i s t r i b u t i o n  and behaviour  from t h e  common 
s e a l ,  by p r e f e r r i n g  more exposed s k e r r i e s  and rocky i s l e t s  a long t h e  
o u t e r  c o a s t l i n e .  D i s c r e t e  p o p u l a t i o n s  o r  i n d i v i d u a l  wanderers  can 
b e  found  on a l o n g  m o s t  o f  t h e  c o a s t  a l t h o u g h  t h e  b u l k  of  t h e  
p o p u l a t i o n  and t h e  major b reed ing  g roups  occur  mainly  i n  t h e  South  
TrØnde lag  a r e a  and f u r t h e r  n o r t h ,  f r o m  l a t i t u d e  6 3 ' ~  t o  6 8 O ~  ( F i g .  
2b) (Wiig,  1985). The p o p u l a t i o n  i n  Norway i s  c u r r e n t l y  e s t i m a t e d  a t  
between 3,500 and 5,000 a n i m a l s  (Table  l ) ,  I n  England t h e  p o p u l a t i o n  
i s  i n c r e a s i n g  a n n u a l l y  a t  a r a t e  o f  some 5%-6% ( B o n n e r ,  1 9 7 5 ) ,  and 
t h e  same is  p robab ly  t r u e  f o r  Norway. The s p e c i e s  does  n o t  m i g r a t e  
i n  t h e  s t r i c t  s e n s e  a l t h o u g h  a  n o n - d i r e c t i o n a l  d i s p e r s a l  t a k e s  p l a c e  
a f t e r  b r e e d i n g ,  w i t h  a  c o r r e s p o n d i n g  c o n g r e g a t i o n  b e f o r e  b reed ing  
( B o n n e r ,  1981) .  
Most o f  t h e  k n o w l e d g e  c o n c e r n i n g  E a s t - A t l a n t i c  g r e y  s e a 1  
b i o l o g y  comes  f r o m  U n i t e d  Kingdom s o u r c e s ,  b u t  t h e  Norwegian  
p o p u l a t i o n  a p p e a r s  n o t  t o  d i f f e r  s i g n i f i c a n t l y .  T h e r e  a r e  
d i f f e r e n c e s  i n  b r e e d i n g  b i o l o g y  b e t w e e n  t h e  B a l t i c  and R u s s i a n  
g r o u p s  and t h e  European  g r o u p  (Hook and J o h n e l s ,  1972 ;  C u r r y -  
L i n d a h l ,  1975) .  I n  p r i n c i p l e  t h e  d e t a i l s  p r e s e n t e d  h e r e  a r e  a l s o  
v a l i d  f o r  Norwegian g r e y  s e a l s .  
Whe lp ing  i s  s p r e a d  o v e r  a  two-month p e r i o d  w i t h  t h e  peak  i n  
mid-October, and o c c u r s  on rocky i s l a n d s  l y i n g  some d i s t a n c e  
from t h e  c o a s t l i n e  (Bonner, 1981). Adult  b reed ing  males  and p regnan t  
f e m a l e s  b e g i n  t o  c o n g r e g a t e  i n  t h e  b r e e d i n g  a r e a s  i n  S e p t e m b e r .  
However, t h e  p a t t e r n  of  male dominance over  g roups  of  f e m a l e s  which 
is pronounced i n  B r i t i s h  g r e y  s e a 1  c o l o n i e s  (Henwer ,  1960;  
Figure 2a. Grey sea1 distribution in the Northeast Atlantic 
Figure 2b. D i s t r i bu t ion  of l a r g e r  grey s ea1  co lonies  a long  
t h e  Norwegian coast 
Anderson,  Bur ton  and Summers,  1975) h a s  o n l y  been obse rved  a t  v e r y  
few l o c a t i o n s  i n  Norway,  w h e r e  m o s t  b r e e d i n g  g r e y  s e a l s  a p p e a r  t o  
e s t a b l i s h  f a m i l y  g r o u p s  ( m a l e ,  f e m a l e  a n d  p u p )  t h r o u g h  t h e  s e a s o n  
( G .  Wiig ,  p e r s .  comm.) 
L a c t a t i o n  l a s t s  f o r  1 4  - 1 7  d a y s  a n d  i s  f o l l o w e d  a f t e r  a  few 
d a y s  b y  o e s t r u s  a n d  c o p u l a t i o n  (November ) .  F e m a l e s  r e m a i n  on  t h e  
i s l a n d s  o n l y  u n t i l  t h e y  have  mated and make t r i p s  t o  s e a  t o  f e e d  o r  
i f  d i s t u r b e d  w h i l s t  n u r s i n g  t h e i r  pups. After weaning ,  pups  r e m a i n  
on t h e  i s l a n d s  f o r  s o m e  w e e k s  a f t e r  w e a n i n g  b e f o r e  t a k i n g  t o  s e a ,  
o f t e n  l y i n g  p r o t e c t e d  i n  s m a l l  poo l s .  They a r e  g e n e r a l l y  d e s c r i b e d  
a s  a v o i d i n g  t h e  w a t e r  b u t  we have  s e e n  o c c a s i o n a l  examples  o f  young 
p u p s  s w i m m i n g  w i t h  t h e i r  m o t h e r s ,  A s  i n  o t h e r  s e a l s  t h e r e  i s  a  
p e r i o d  o f  e m b r y o n i c  d i a p a u s e  l a s t i n g  f o r  some  1 0 0  d a y s ,  w i t h  
i m p l a n t a t i o n  o c e u s s i n g  i n  F e b r u a r y .  F o r  m o s t  o f  t h i s  p e r i o d  t h e  
p r e g n a n t  cow i s  a t  s e a  f e e d i n g .  
Mou l t i ng  t a k e s  p l a c e  a t  t h e  b e g i n n i n g  o f  F e b r u a r y  f o r  t h e  a d u l t  
f e m a l e s  and Pn March f o r  t h e  a d u l t  m a l e s  (Backhouse,  1960). Animals  
h a u 1  o u t  o n t o  r o c k y  I s l a n d s  f o r  c o n s i d e r a b l e  p e r i o d s  d u r i n g  t h e  
m o u l t  b u t  n o t  n e c c e s s a r i l y  a t  t h e  s a m e  l o c a t i o n  a s  t h a t  u s e d  f o r  
b r e e d i n g .  Feed ing  is  e i t h e r  reduced  o r  s t o p s  c o m p l e t e l y  d u r i n g  t h e  
m o u l t  (Bonner ,  1981). 
G r e y  s e a l s  f e e d  n e a r  t h e  c o a s t  ( B o n n e r ,  1 9 8 1 ) .  The  d i e t  c o v e r s  
a  w ide  v a r i e t y  of f i s h ,  w i t h  a l s o  s m a l l e r  numbers  o f  c r u s t a c e a  and 
m o l l u s c s .  Cod, s a l m o n ,  h e r r i n g  and  f l a t f i s h  a r e  t h e  p r i m e  f i s h  
s p e c i e s  e a t e n ,  a p p a r e n t l y  by  a l l  a g e  c l a s s e s  r i g h t  f r o m  n e w l y -  
weaned. The d a i l y  food  i n t a k e  is  e s t i m a t e d  a t  be tween  f o u r  and f i v e  
p e r c e n t  o f  t h e  body weight .  
F a c t o r s  o f  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1 .  The  s p e c i e s  d o e s  n o t  m i g r a t e  a n d  i s  f o u n d  i n  c o a s t a l  w a t e r s  
t h r o u g h o u t  t h e  year .  
2. During  t h e  b r e e d i n g  s e a s o n  f e m a l e s  r e g u l a r l y  e n t e r  t h e  w a t e r  and 
c o u l d  b e c o m e  a  s o u r c e  of  o i l - f o u l i n g  f o r  t h e  p u p s  e v e n  åf t h e  p u p s  
s t a y  on l a n d .  
3. The v a r i e t y  o f  f i s h  e a t e n  s u g g e s t s  t h a t  a  r i s k  t o  s u r v i v a l  f r o m  
oi l -produced d e a t h  of prey  s p e c i e s  would n o t  occur. 
2.1.3 Harp sea1 
Harp s e a l s  (Phoca  ~ r r o e n l a n d i c a )  i n h a b i t  t h e  North A t l a n t i c  
Oceans and range  from n o r t h e r n  Russ ia  th rough  t h e  B a r e n t s  Sea t o  t h e  
S v a l b a r d  a r c h i p e l a g o ,  o v e r  t h e  G r e e n l a n d  and Norwegian  S e a s  t o  
Greenland and i n  t h e  Nor thwest  A t l a n t i c  from Nova S c o t i a  th rough  t h e  
D a v i s  S t r a i t  and B a f f i n  Bay and i n t o  Hudson bay ( F i g .  3 ;  K i n g ,  
Three a p p a r e n t l y  s e p a r a t e  s t o c k s  breed and moul t  on t h e  pack- 
i c e  a t  Newfoundland, i n  t h e  Greenland Sea n e a r  Jan  Mayen (West I c e )  
and i n  t h e  W h i t e  S e a  and S o u t h e a s t e r n  B a r e n t s  S e a  ( E a s t  I c e )  f r o m  
l a t e  February  t o  e a r l y  May. A l l  s t o c k s  a r e  e x p l o i t e d  by commercia l  
s e a l e r s  when t h e y  c o n g r e g a t e  on t h e  i c e  d u r i n g  t h e  b r e e d i n g  and 
m o u l t i n g  s e a s o n  and a r e  a l s o  h u n t e d  by a b o r i g i n a l s  and c o a s t a l  
f i she rmen  when s e a s o n a l l y  a v a i l a b l e  i n  n o r t h e r n  c o a s t a l  wa te r s .  They 
w e r e  a l l  s e v e r e l y  d e p l e t e d  by o v e r - e x p l o i t a t i o n  d u r i n g  t h e  1950 ' s  
and e a r l y  1960 ' s  b u t  a r e  now i n c r e a s i n g  u n d e r  r e g i m e s  o f  s t r i c t l y  
en fo rced  quo ta  r e g u l a t i o n s  f o r  commercia l  s e a l i n g .  Recent d r o p s  i n  
t h e  m a r k e t  f o r  s e a 1  s k i n s  l e d  t o  r e d u c e d  e x p l o i t a t i o n  and b o o s t e d  
t h e  i n c r e a s i n g  t r e n d  i n  a l l  t h r e e  s t o c k s .  Both t h e  West and E a s t  I c e  
s t o c k s  s u p p o r t  a  Norwegian and S o v i e t  s e a l i n g  i n d u s t r y .  P r o v i s i o n a l  
a s s e s s m e n t s  i n d i c a t e  a  c u r r e n t  s t o c k  o f  a b o u t  250 ,000  i n  t h e  Wes t  
i c e  and an E a s t  I c e  s t o c k  i n  e x c e s s  o f  one m i l l i o n  s e a l s ,  t h e  l a t t e r  
i n c r e a s i n g  a t  an annua1 r a t e  o f  5% - 7% ( Ø r i t s l a n d ,  1985). 
B o t h  s t o c k s  m i g r a t e  w i t h  t h e  s a m e  g e n e r a l  p a t t e r n  o f  
d i s p e r s i o n ,  m a i n l y  t o  t h e  N o r t h  t o  f e e d  i n  t h e  summer and coming  
s o u t h  i n  t h e  w i n t e r  and s p r i n g  t o  b r e e d  (Rona ld  and H e a l e y ,  1981) .  
D u r i n g  t h e  summer t h e  Wes t  I c e  s t o c k  i s  f o u n d  i n  i t s  n o r t h e r l y  
f eed ing  grounds  between S p i t s b e r g e n  and Greenland,  moving s o u t h  t o  
Figure 3.  Harp sea1 distribution in the Northeast Atlantic 
J a n  Mayen i n  t h e  w i n t e r ,  w i t h  w h e l p i n g  o c c u r r i n g  on t h e  i c e  i n  
March. AS t h e  i c e  d r i f t s  s o u t h  t h e  a d u l t s  m a t e  and move t o  t h e  i c e  
n o r t h  o f  J a n  Mayen w h e r e  t h e y  m o u l t  d u r i n g  A p r i l  and May. By J u n e  
t h e  he rd  h a s  r e t u r n e d  t o  t h e i r  f e e d i n g  grounds. 
The E a s t  I c e  s t o c k  spends  t h e  summer, autumn and e a r l y  w i n t e r  
i n  t h e  B a r e n t s  and Kara S e a s  (Ronald and Healey, 1981). During t h i s  
t i m e  t h e y  may a l s o  be found i n  g r e a t  numbers throughout  t h e  B a r e n t s  
Sea.  A s  t h e  i c e  b o r d e r  e x t e n d s  s o u t h w a r d  w i t h  w i n t e r  t h e  m a t u r e  
s e a l s  c o n g r e g a t e  i n  t h e  W h i t e  S e a  w h e r e  w h e l p i n g  o c c u r s  i n  l a t e -  
February.  I n  March t h e  i c e  b r e a k s  up and i s  c a r r i e d  nor th -wes t  i n t o  
t h e  B a r e n t s  S e a ,  t a k i n g  w i t h  it  t h e  weaned pups  and o t h e r  a g e  
c l a s s e s .  S u b - a d u l t s  and a d u l t s  m o u l t  f r o m  A p r i l  t o  l a t e  May and 
a g a i n  d i s p e r s e  nor thwards  t o  beg in  an i n t e n s i v e  f e e d i n g  phase. 
D u r i n g  a  p e r i o d  o f  c o o l i n g  i n  t h e  b a r e n t s  S e a  f rom 1978 t o  
1984, w i t h  a c o n s e q u e n t i a l  westwards  d i s t r i b u t i o n  of prey s p e c i e s ,  
h a r p  s e a l s  i n v a d e d  t h e  c o a s t  o f  e a s t e r n  F i n n m a r k  i n  h u n d r e d s  of  
thousands  each year. The s e a l s  appeared t o  f o l l o w  t h e  w i n t e r  c a p e l i n  
m i g r a t i o n s  t o  t h e  c o a s t s  and s u b - a d u l t  s e a l s  r e m a i n e d  i n  c o a s t a l  
w a t e r s  t h r o u g h  t h e  s p r i n g ,  w h i l e  m a t u r e  s e a l s  a p p e a r e d  t o  l e a v e  
b e f o r e  t h e  b r e e d i n g  s e a s o n  i n  l a t e  F e b r u a r y  t o  r e t u r n  i n  s m a l l e r  
n u m b e r s  t o w a r d s  t h e  end o f  t h e  r e g u l a r  m o u l t i n g  s e a s o n  i n  l a t e  
Apr i l .  Each yea r  s e v e r a l  thousand s e a l s  were  a c c i d e n t a l l y  caugh t  i n  
g i 1 1  n e t s  d u r i n g  t h e  Finnmark s p r i n g  cod f i s h e r i e s .  
I n  t h e  w i n t e r  and s p r i n g  of  1986 s m a l l e r  f l o c k s  o f  h a r p  s e a l s  
i n v a d e d  c o a s t a l  w a t e r s  f r o m  w e s t e r n  F i n n m a r k  s o u t h  t o  Nord- 
TrØndelag .  A few t h o u s a n d  of  t h e s e  d rowned  i n  f i s h i n g  g e a r .  The 
r e c a p t u r e  of o n e  s e a 1  t a g g e d  a t  J a n  Hayen s u g g e s t s  t h a t  t h i s  y e a r  
t h e  s e a l s  came i n  from t h e  west  (T. Ø r i t s l a n d ,  p e r s ,  comm.). 
P u b e r t y  o c c u r s  a t  a g e  t h r e e  t o  s i x  y e a r s  f o r  f e m a l e s  and f i v e  
t o  s i x  y e a r s  f o r  m a l e s  (Rona ld  and H e a l e y ,  1981) .  D u r i n g  t h e  
b r e e d i n g  s e a s o n  ( l a t e - F e b r u a r y  a n d  e a r l y  M a r c h )  f e m a l e s  a r e  
g r e g a r i o u s  and form l a r g e  b reed ing  a g g r e g a t i o n s  i n  t h e  pack-ice. I n  
c o n s o l i d a t e d  i c e  t h e y  m a i n t a i n  b r e a t h i n g  h o l e s  a b o u t  60cm-90cm i n  
d i a m e t e r .  P u p s  a r e  b o r n  on  t h e  i c e  a n d  weaned  a f t e r  t e n  t o  t w e l v e  
days.  C o n c u r r e n t  w i t h  weaning ,  t h e  l a n u g o  i s  shed  and pups  b e g i n  t o  
e n t e r  t h e  wa te r .  Pups g a i n  w e i g h t  r a p i d l y  a t  a  r a t e  o f  2.5kg p e r  d a y  
( R o n a l d  a n d  Dougan ,  1982) .  M a t i n g  o c c u r s  a s  t h e  p u p s  a r e  w e a n e d ,  
b s t h  on  t h e  i c e  a n d  i n  t h e  w a t e r  ( M e r d s o y ,  C u r t s i n g e r  a n d  R e n o u f ,  
1978) .  A s  w i t h  o t h e r  n o r t h e r n  s e a l s ,  m a l e s  p r o d u c e  a  v a r i e t y  o f  
u n d e r w a t e r  c a l l s  d u r i n g  t h e  b r e e d i n g  p e r i o d  w h i c h  seem t o  h a v e  a n  
a g o n i s t i c  r o l e  (Watk ins  and S c h e v i l l ,  1979). T h e r e  f o l l o w s  an  e l e v e n  
week  e m b r y o n i c  d i a p a u s e ,  w i t h  i m p l a n t a t i o n  o c c u r r i n g  i n  J u n e .  
Fema le s  n o r m a l l y  b r e e d  e v e r y  yea r .  
Young h a r p  s e a l s  f e e d  i n  t h e  s u r f a c e  o c e a n  l a y e r s  on  s m a l l  
p e l a g i c  c r u s t a c e a n s  a n d  f i s h .  O l d e r  s e a l s  a l s o  f e e d  a t  g r e a t e r  
d e p t h s  on  c a p e l i n ,  h e r r i n g ,  p o l a r  c o d ,  cod  and  o t h e r s ,  c r u s t a c e a n s  
and s q u i d  (Ronald and Healey ,  1981). 
F a c t o r s  o f  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. H a r p  s e a l s  a r e  f o u n d  i n  t h e  s o u t h e r n  B a r e n t s  S e a  a t  i r r e g u l a r  
i n t e r v a l s  d u r i n g  t h e  p e l a g i - c  p h a s e  ( s u m m e r ,  a u t u m n  and  e a r l y  
w i n t e r ) ,  a n d  c a n  c o l l e c t  i n  m o d e r a t e l y  h i g h  c o n c e n t r a t i o n s .  L a r g e  
numbers  c o u l d  be  f o u l e d  by o i l .  
2. Younger s e a l s  t h a t  f e e d  i n  t h e  u p p e r  ocean  l a y e r s  may be  a f f e c t e d  
l o c a l l y  by d e a t h  of p r e y  s p e c i e s  due  t o  o i l .  
2.1.4 Hooded sea1 
The hooded  s e a 1  ( C v s t o ~ h o r a  c r i s t a t a )  i s  a  m i g r a t o r y  s p e c i e s  
t h a t  r a n g e s  f rom Newfoundland and t h e  D a v i s  S t r a i t  e a s t  t o  BjQrnØya 
a n d  S v a l b a r d  ( F i g .  4) ,  ( W i i g  a n d  L i e ,  1 9 8 4 ) .  T h e y  a r e  a  
c o m p a r a t i v e l y  s m a l l  g r o u p ,  n u m b e r i n g  p r o b a b l y  b e t w e e n  5 0 0 , 0 0 0  a n d  
1 , 0 0 0 , 0 0 0 ,  w i t h  a  p r e f e r e n c e  f o r  m o r e  r e m o t e  a n d  t h i c k e r  i c e  t h a n  
t h e  h a r p  s e a l .  
Hooded s e a l s  a r e  s e a s o n a l  v i s i t o r s  t o  S v a l b a r d  d u r i n g  a u t u m n  
and p e r h a p s  w i n t e r ,  I n  June - Ju ly  t h e y  a s s e m b l e  i n  p o l a r  pack - i ce  i n  
t h e  B e n m a r k  S t r a i t  and  G r e e n l a n d  S e a  o f f  t h e  e a s t  c o a s t .  of 
Figure 4. Hooded sea1 distribution in the Northeast Atlantic 
G r e e n l a n d ,  t o  m o u l t  ( R e e v e s  and L i n g ,  1981) .  A f t e r  m o u l t i n g ,  t h e  
s e a l s  d i s p e r s e  wide ly  i n  a l l  d i r e c t i o n s  t o  f eed  from l a t e  summer t o  
e a r l y  win te r .  A c c i d e n t a l  c a t c h e s  i n  f i s h i n g  g e a r  show t h a t  t h e y  a l s o  
f e e d  i n  o f f s h o r e  w a t e r s  a l o n g  t h e  c o a s t  o f  n o r t h e r n  Norway and i n  
t h e  B a r e n t s  S e a  n e a r  S v a l b a r d  and BjØrnØya (T. Ø r i t s l a n d ,  p e r s .  
comm.). I n  l a t e  w i n t e r  t h e s e  a n i m a l s  a g a i n  c o n c e n t r a t e  i n  a r e a s  o f  
heavy i c e  p r e p a r a t o r y  t o  whelping which o c c u r s  i n  t h e  second h a l f  o f  
March. Loose c o n g r e g a t i o n s  o f  b reed ing  hooded s e a l s  a r e  found i n  t h e  
w e s t  i c e  n e a r  J a n  Mayen and o f f  Newfoundland i n  t h e  D a v i s  S t r a i t .  
O c c a s i o n a l  b r e e d i n g  a l s o  o c c u r s  i n  t h e  E a s t  I c e  and e v e n  on t h e  
c o a s t  o f  Norway ( o r i t s l a n d  and BondØ, 1980) .  A f t e r  b r e e d i n g ,  m o s t  
a d u l t s  make t h e i r  way back t o  t h e  Denmark S t r a i t  and t h e  Greenland 
Sea f o r  t h e  n e x t  moult  and comple t ion  of  t h e  annua1 cyc le .  
Hooded s e a l s  a r e  hunted by Norwegian and S o v i e t  s e a l e r s  i n  t h e  
West  I c e ,  C a n a d i a n  and Norwegian  s e a l e r s  o f f  Newfoundland and 
c o a s t a l  h u n t e r s  i n  G r e e n l a n d  and a l o n g  o t h e r  A r c t i c  s h o r e s  o f  t h e  
n o r t h e a s t  A t l a n t i c .  They a r e  p r o t e c t e d  however  i n  t h e  B a r e n t s  S e a  
and i n  t h e  Davis  S t r a i t  pack i c e  (T. O r i t s l a n d ,  p e r s .  comm.). 
A f t e r  t h e  f i r s t  few moul t s  a l l  age  g roups  a r e  s t r o n g  swimmers 
and deep d i v e r s  and feed  on a  v a r i e t y  of b e n t h i c  and p e l a g i c  f i s h e s ,  
s q u l d  a n d  c r u s t a c e a n s .  T h i s  c a t h o l i c  d i e t  m a k e s  t h e m  l e s s  
s u s c e p t i b l e  t o  o i l - induced  d e a t h  o f  p rey  s p e c i e s  t h a n ,  f o r  example,  
b e a r d e d  s e a l s .  F e e d i n g  i s  a l s o  s e a s o n a l ,  o c c u r r i n g  i n t e n s i v e l y  i n  
t h e  s p r i n g  a f t e r  b reed ing  and i n  t h e  autumn and w i n t e r  a f t e r  t h e  end 
o f  moul t ing ,  w i t h  p e r i o d s  of f a s t i n g  d u r i n g  b reed ing  and moult ing.  
Puber ty  o c c u r s  a t  t h r e e  t o  s i x  y e a r s  of age  f o r  f e m a l e s  and a t  
f o u r  t o  s i x  y e a r s  f o r  m a l e s  ( Ø r i t s l a n d ,  1964 ,  1975;  Born ,  1982;  
Jacobsen,  1984). B i r t h  t a k e s  p l a c e  p r i m a r i l y  i n  t h e  l a t t e r  h a l f  of  
March on h e a v y  i c e  f l o e s .  A d u l t  f e m a l e s  d i s t a n c e  t h e m s e l v e s  f r o m  
e a c h  o t h e r  and may b e  " c o u r t e d W  by s e v e r a l  m a l e s  a t  a  t i m e  e v e n  
b e f o r e  t h e y  a r e  i n  o e s t r u s .  A s  i n  o t h e r  s p e c i e s ,  m a l e s  u s e  b o t h  
above- and u n d e r - w a t e r  s o u n d s  d u r i n g  s o c i a l  d i s p l a y s ,  and i n  
a d d i t i o n  d i s t e n d  t h e i r  e x p a n d e d  n a s a l  c a v i t i e s  and even  e v e r t  and 
e x t e n d  t h e  n a s a l  s e p t u m  t h r o u g h  o n e  n o s t r i l  a s  a  v i s u a l  d i s p l a y  
( B o r l a n d ,  1 9 6 5 ) .  The pup  i s  b o r n  w i t h o u t  l a n u g o  a n d  i s  c a l l e d  a  
libluebacklf. Pups weigh  a b o u t  22kg a t  b i r t h ,  and a r e  s u c k l e d  commonly 
f o r  o n l y  f o u r  t o  f i v e  d a y s  t o  a t t a i n  a  maximum w e i g h t  a t  weaning  o f  
a b o u t  4 2 k g ,  s u c h  t h a t  w e i g h t  g a i n  o v e r  l a c t a t i o n  a v e r a g e s  s e v e n  
k i l o g r a m s  p e r  d a y  (Bowen,  O f t e d a l  a n d  B r u c e s ,  1 9 8 5 ) .  I n  t h e  
Newfoundland a r e a ,  pups  l e a v e  t h e  whe lp ing  a r e a s  and become p e l a g i c  
when o n l y  some  e i g h t  d a y s  o l d  (Bowen,  1985) .  D e p e n d i n g  on i c e  
c o n d i t i o n s  t h e  p u p s  may r e m a i n  on o r  n e a r  t h e  i c e  f o r  up t o  f i v e  
w e e k s  i n  t h e  West I c e  a r e a .  M a t i n g  o c c u r s  i n  t h e  w a t e r  ( O r i t s l a n d ,  
1 9 6 4 )  some  1 2  d a y s  a f t e r  b i r t h ,  a n d  f e r t i l i z a t i o n  i s  f o l l o w e d  b y  a  
c o m p a r a t i v e l y  l o n g  d i a p a u s e  o f  up  t o  16 weeks .  I m p l a n t a t i o n  
a p p a r e n t l y  o c c u r s  i n  l a t e - J u l y  t o  e a r l y - A u g u s t  ( Ø r i t s l a n d ,  1964) .  
Rep roduc t ion  i s  annua1  ( Ø r i t s l a n d ,  1964, 1975). 
F a c t o r s  of p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. While  i n  c o a s t a l  and o f f s h o r e  Norwegian w a t e r s  o r  i n  t h e  S v a l b a r d  
r e g i o n  hooded  s e a l s  a r e  d i s p e r s e d ,  and  p r o b a b l y  r e l a t i v e l y  l o w  
numbers  would be  a f f e c t e d  by an o i l  s p i l l .  
2. The  d i e t  i s  v a r i e d ,  r e d u c i n g  t h e  l i k e l y h o o d  o f  d e a t h  t h r o u g h  
d i s t u r b a n c e  o f  food supp ly .  
3. P u p s  r a p i d l y  g a i n  b l u b b e r  a n d  t h u s  r e s i s t a n c e  t o  t h e  a c u t e  
t h e r m o r e g u l a t o r y  e f  f e c t s  o f  o i l - f  o u l i n g .  
4. Pups a r e  bo rn  w i t h o u t  l anugo.  
2.1.5 Bearded sea1 
T h e  b e a r d e d  s e a 1  ( E r i g n a t h u s  b a r b a t u s  b a r b a t u s ) ,  i s  a  
c i r c u m p o l a r  t r u e  o r  p h o c i d  s e a 1  l i v i n g  i n  n e a r - s h o r e  p a r t s  o f  t h e  
B a r e n t s  S e a ,  u s u a l l y  i n  a s s o c i a t i o n  w i t h  s e a - i c e  (Burns ,  1981; F ig .  
5) .  I n  p a s t  y e a r s  i t  w a s  h u n t e d  a t  S v a l b a r d  a n d  i n  t h e  E a s t  I c e  
( s o u t h w e s t e r n  B a r e n t s  S e a )  by Norwegian s e a l e r s  (Ben j a m i n s e n ,  1973) 
b u t  h a s  b e e n  p r o t e c t e d  i n  t h e  E a s t  I c e  s i n c e  1970, B e a r d e d  s e a l s  
Figure 5. Bearded sea1 distribution in the Northeast Atlantic 
have n o t  been t aken  by Norwegian s e a l e r s  s i n c e  1973 b u t  i n  t h e  White 
Sea a r e a  S o v i e t  c o a s t a l  h u n t e r s  have caught  on ave rage  two hundred 
per  y e a r  through t h e  l a s t  decade  (T. O r i t s l a n d ,  pers .  comm.). Burns 
(1981) c i t e s  a r e p o r t  of Chapsk i i  (1966) which g i v e s  t h e  p o p u l a t i o n  
s i z e  i n  t h e  n o r t h  A t l a n t i c  a s  300,000 animals .  
The bearded s e a 1  i s  one of  t h e  l a r g e s t  of  n o r t h e r n  phocids. The 
ave rage  we igh t  and l e n g t h  of a d u l t s  a r e  240-250kg and 233cm (Burns 
and F r o s t ,  1979) .  The p r i n c i p a l  p r e y  s p e c i e s  a r e  b o t t o m - l i v i n g  
i n v e r t e b r a t e s ,  mainly  c r u s t a c e a n s  and m o l l u s c s ,  and some f i s h .  The 
s p e c i e s  i s  t h e r e f o r e  r e s t r i c t e d  t o  f a i r l y  s h a l l o w  w a t e r s ,  commonly 
t o  w a t e r  d e p t h s  of  Som o r  l e s s  and probably  w i t h  an a b s o l u t e  d e p t h  
l i m i t  o f  130m (Burns, 1981). I n  t h e s e  s e a s ,  bearded s e a l s  u s e  a r e a s  
where t h e  i c e  is i n  c o n s t a n t  motion,  c r e a t i n g  l e a d s  and polynyas. I n  
w i n t e r ,  when t h e  s e a  i c e  i s  w i d e - s p r e a d ,  s e a l s  make and m a i n t a i n  
b r e a t h i n g  h o l e s  i n  a r e a s  o f  t h i n n e r  i c e ,  and a r e  a l s o  f o u n d  
d i s t r i b u t e d  i n  t h e  d r i f t i n g  p a c k  i c e .  I n  a r e a s  w h e r e  t h e  s e a  i c e  
r e c e d e s  d u r i n g  summer t o  beyond t h e  limits of s h a l l o w  w a t e r ,  bearded 
s e a 1  w i l l  hau1 o u t  o n t o  beaches  i n s t e a d .  
Puber ty  o c c u r s  a t  f i v e  t o  seven y e a r s  f o r  males  and f i v e  t o  six 
y e a r s  f o r  f e m a l e s ,  a l t h o u g h  P o t e l o v  (1975)  r e p o r t e d  t h a t  some 
f e m a l e s  o v u l a t e  i n  t h e i r  t h i r d  year .  Pupping o c c u r s  from mid-March 
t h r o u g h  t o  t h e  f i r s t  week o f  May, w i t h  t h e  peak  i n  l a t e  A p r i l  
( P o t e l o v ,  1975).  Pups  a r e  b o r n  on i c e ,  a r e  a c t i v e  and c a n  s w i m  a t  
b i r t h ,  and b e g i n  t o  c a t c h  p r e y  t h e m s e l v e s  b e f o r e  wean ing .  The 
mother-pup bond is s t r o n g  and mothers  remain  c l o s e  t o  and a t t e m p t  t o  
p r o t e c t  t h e i r  pups  i n  c a s e  of  t h r e a t .  L a c t a t i o n  l a s t s  f o r  12-18 
d a y s ,  d u r i n g  w h i c h  t i m e  b o d y - w e i g h t  i n c r e a s e s  f r o m  some 33kg a t  
b i r t h  t o  85kg. 
Breeding o c c u r s  from t h e  end o f  March t o  t h e  f irst  h a l f  o f  May 
f o r  t h e  B a r e n t s  S e a  p o p u l a t i o n  ( P o t e l o v ,  1975)  and c o i n c i d e s  w i t h  
t h e  l a t t e r  s t a g e s  o f  l a c t a t i o n  and w i t h  weaning. Males u t t e r  a  song- 
l i k e  v o c a l i z a t i o n  a s  a  p a r t  o f  s o c i a l  i n t e r a c t i o n  d u r i n g  t h e  
b r e e d i n g  m o n t h s  (Ray,  W a t k i n s  and B u r n s ,  1969) ,  B r e e d i n g  o c c u r s  
a n n u a l l y  (Burns and F r o s t ,  19791, a l  though McLaren (1 958) c o n s i d e r e d  
t h a t  r e p r o d u c t i o n  was b i e n n i a l ,  I m p l a n t a t i o n  o c c u r s  f r o m  J u l y  t o  
e a r l y  August a f t e r  a  d e l a y  of some two months. There is no e v i d e n c e  
f o r  r e p r o d u c t i v e  s e n i l i t y .  
Moult ing h a s  n o t  been s t u d i e d  c l o s e l y  b u t  p robab ly  o c c u r s  from 
A p r i l  t o  August w i t h  a  peak d u r i n g  May-June (Burns,  1981). 
Bearded s e a l s  a r e  commonly found a s  i n d i v i d u a l s  on t h e  edges  of  
s m a l l  d r i f t i n g  f l o e s .  They a r e  s o l i t a r y  a n i m a l s  and do n o t  f o r m  
herds  e x c e p t  p o s s i b l y  l o o s e l y  d u r i n g  pupping and breeding.  Seasona l  
movements o f  bearded s e a l s  i n  t h e  B a r e n t s  Sea a r e  n o t  known b u t  can 
b e  e x p e c t e d  t o  some d e g r e e  and t o  b e  r e l a t e d  t o  t h e  c y c l e  o f  
p r o g r e s s i o n  and r e g r e s s i o n  o f  t h e  s e a  i c e .  F o r  c o m p a r i s o n ,  t h e  
n o r t h e r n - P a c i f i c  p o p u l a t i o n  summers i n  t h e  Chukchi Sea ,  b u t  m i g r a t e s  
s o u t h w a r d  i n  l a t e  Autumn t h r o u g h  t h e  B e r i n g  S t r a i t  and i n t o  t h e  
Bering Sea where it w i n t e r s ,  moving nor thward a g a i n  i n  A p r i l  (Burns,  
1981).  T h i s  s e a s o n a l  m i g r a t i o n  f o l l o w s  t h e  movements  o f  t h e  i c e  
f r o n t .  
B u r n s  and F r o s t  (1979)  c o n s i d e r e d  t h a t  t h e  e f f e c t  o f  a n  o i l  
s p i l l  on b e a r d e d  s e a l s  would  b e  s e v e r e  d u e  t o  w i d e s p r e a d  d e a t h  o f  
t h e  an imals '  prey  s p e c i e s .  
F a c t o r s  of  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. The young i s  born w i t h  an a d u l t  f u r  and n o t  lanugo. 
2. The h e a v y  b i r t h  w e i g h t  and v e r y  f a s t  f a t  d e p o s i t i o n  r a t e  o f  t h e  
p u p  s u g g e s t  r a p i d  d e v e l o p m e n t  o f  r e s i s t a n c e  t o  t h e  a c u t e  
t h e r m o r e g u l a t o r y  e f f e c t s  of  o i l  f o u l i n g .  
3. B e a r d e d  s e a l s  f r e q u e n t  open  p a c k  i c e  w h e r e  w a t e r  p r e p o n d e r a t e s  
over  i c e ,  A f t e r  s p i l l a g e ,  o i l  t h i c k n e s s  h e r e  should  b e  thbn r e l a t i v e  
t o  c l o s e r  pack i c e .  
4. A f t e r  s p i l l a g e ,  o i l  p e n e t r a t e s  downwards i n  t h e  w a t e r  column t o  
a t  l e a s t  50m d e p t h  (Campbell and Mar t in ,  1973), which c o i n c i d e s  w i t h  
t h e  p r a c t i c a l  d i v i n g  l i m i t  o f  t h i s  s e a l .  T h i s  may h a v e  s e r i o u s  
consequenees f o r  t h e  s u r v i v a l  of' bearded s e a l s ,  
5. The p r e s e n c e  o f  b e a r d e d  s e a l s  i n  an  o i l  a f f e c t e d  a r e a  c a n  b e  
e s t a b l i s h e d  ( d u r i n g  t h e  b r e e d i n g  season)  by d i s t i n c t i v e  underwa te r  
c a l l s .  
2.1.6 Ringed sea1 
The c i r c u m p o l a r  r i n g e d  s e a 1  (-3 h i s ~ i d a )  i s  t h e  s m a l l e s t  and 
most abundant  A r c t i c  phocid s p e c i e s  ( F r o s t  and Lowry, 1981). Ringed 
s e a l s  a r e  i n h a b i t a n t s  o f  t h e  p e r m a n e n t  p a c k - i c e  o f  t h e  n o r t h e r n  
B a r e n t s  Sea b u t  congrega te  i n  a r e a s  o f  f a s t - i c e  around t h e  Sva lba rd  
a r c h i p e l a g o  d u r i n g  t h e  b r e e d i n g  s e a s o n  i n  l a t e  s p r i n g  ( F i g .  6 ) .  I n  
B a f f i n  Bay, and t h e r e f o r e  p o s s i b l y  a l s o  i n  t h e  B a r e n t s  S e a ,  some 
p o p u l a t i o n s  a l s o  breed i n  s t a b l e  d r i f t i n g  pack-ice ( F i n l e y ,  Miller, 
D a v i s  and K o s k i ,  1983) .  The r i n g e d  s e a 1  a r e  an  e x t r e m e l y  i m p o r t a n t  
s o u r c e  of  food  and money f o r  a b o r i g i n a l  p e o p l e  t h r o u g h o u t  t h e  
A r c t i c ,  B e c a u s e  o f  t h e  r e l a t i v e l y  p o o r  q u a l i t y  o f  t h e  p e l t ,  i t  h a s  
never been t aken  i n  numbers by Norwegian s e a l e r s .  S o v i e t  landsmen,  
h o w e v e r ,  t a k e  a  few t h o u s a n d  e a c h  y e a r  i n  c o a s t a l  w a t e r s  of t h e  
s o u t h e a s t e r n  B a r e n t s  Sea (T. Ø r i t s l a n d ,  pers .  comm.). 
Both s e x e s  measure abou t  150cm from nose  t o  t a i l  when a d u l t  and 
weigh about  90kg ( G j e r t z  and Lydersen,  1983). The main prey  s p e c i e s  
i n  t h e  Sva lba rd  a r e a  a r e  p e l a g i c  nekton - A r c t i c  cod and amphipods 
(Lydersen, G j e r t z  and Weslawski ,  1985). 
The a g e  o f  p u b e r t y  i s  f o u r  t o  s e v e n  y e a r s  f o r  f e m a l e s  and  f o r  
males  s i x  t o  seven y e a r s  (Smith,  1973). Most pups a r e  born i n  March 
and A p r i l  a l t h o u g h  t h e  b i r t h  season e x t e n d s  a s  l a t e  a s  June (Smith ,  
1973). B i r t h s  u s u a l l y  occur  i n  s p e c i a l l y  c o n s t r u c t e d  b i r t h  l a i r s  on 
s h o r e - f a s t  i c e  ( S m i t h  and S t i r l i n g ,  1 9 7 5 ;  G j e r t z  and  L y d e r s e n ,  
1983), a l t h o u g h  some pups a r e  born i n  t h e  open on d r i f t i n g  pack i c e  
(T. Ø r i t s l a n d ,  p e r s .  comm.). B i r t h  l a i r s  a r e  b u i l t  by  t h e  m o t h e r  i n  
t h e  snow masses  t h a t  c o l l e c t  i n  t h e  l e e  of i c e  i r r e g u l a r i t i e s ,  and 
h a v e  a c c e s s  t o  w a t e r  t h r o u g h  a  s i n g l e  b r e a t h i n g  h o l e  i n  t h e  i c e  
f l o o r  (Smith  and S t i r l i n g ,  1975; G j e r t z  and Lydersen,  1983), 
Figure 6 .  Ringed sea1 d i s t r i b u t i o n  i n  t he  Northeast A t l a n t i c  
Breeding males  a l s o  c o n s t r u c t  s m a l l e r  haul -out  l a i r s  f o r  t h e i r  own 
use  . 
Pups  a r e  b o r n  w i t h  a  p e l a g e  o f  w h i t e  l a n u g o ,  w h i c h  i s  m o u l t e d  
b e f o r e  weaning ( F r o s t  and Lowry, 1981). The we igh t  i s  some 4.5kg a t  
b i r t h  and i n c r e a s e s  t o  9  - 12kg over  t h e  r e l a t i v e l y  long  l a c t a t i o n  
p e r i o d  o f  f i v e  t o  s e v e n  weeks.  The pups  a r e  a b l e  t o  s w i m  f r o m  t h e  
l a i r  i n  t h e  c a s e  of i t s  d e s t r u c t i o n  by i c e  movement o r  p o l a r  b e a r s ,  
b u t  o r d i n a r i l y  s t a y  w i t h i n  t h e  l a i r  and a v o i d  t h e  w a t e r  u n t i l  
weaned. 
Mating o c c u r s  i n  l a t e  A p r i l  and e a r l y  May w i t h i n  one month o f  
p a r t u r i t i o n ,  b u t  i m p l a n t a t i o n  of t h e  b l a s t o c y s t  i s  de layed  f o r  some 
two and a  h a l f  months, o c c u r r i n g  a t  about  t h e  end o f  August (Smith,  
1973). Males a r e  thought  t o  be  monogamous and mat ing  t o  occur  i n  t h e  
w a t e r  ( F r o s t  and Lowry, 1981). During t h e  b reed ing  p e r i o d  i t  a p p e a r s  
t h a t  dominant  males  occupy underwate r  t e r r i t o r i e s  and h a u l o u t  l a i r s  
i n  t h e  more s t a b l e  i c e  where most o f  t h e  b i r t h  l a i r s  a r e  and exc lude  
j u v e n i l e  m a l e s  t o  t h e  o u t e r  i c e  a r e a s .  V o c a l i z a t i o n  i s  p a r t  o f  t h e  
s o c i a l  s t r u c t u r e  of t h e  r i n g e d  s e a 1  d u r i n g  t h e  b r e e d i n g  s e a s o n  
( S t i r l i n g  , 1973) .  
Moult ing o c c u r s  from l a t e  March t o  J u l y  w i t h  t h e  peak i n  June ,  
and y o u n g e r  a n i m a l s  m o u l t  e a r l i e r  t h a n  a d u l t s .  D u r i n g  t h e  m o u l t  
a n i m a l s  spend much l e s s  time i n  t h e  w a t e r  than  d u r i n g  o t h e r  times of 
t h e  yea r  and can be observed i n  l a r g e  numbers hauled  o u t  a long  l e a d s  
i n  t h e  i ce .  They feed l i t t l e  a l t h o u g h  do n o t  c e a s e  e n t i r e l y .  
A s  f o r  bearded s e a l s ,  t h e r e  a r e  s e a s o n a l  changes  i n  d i s t r i b u t i o n .  
During t h e  b reed ing  season  i n  March-April ,  b reed ing  a d u l t s  a r e  found 
i n  t h e  s t a b l e  f a s t - i c e ,  w h i l e  non-breeders f r e q u e n t  more p e r i p h e r a l  
i c e  and moving pack ( F r o s t  and Lowry, 1981). E a r l y  i n  t h e  summer t h e  
s e a l s  m o u l t ,  s t i l l  i n  t h e s e  same a r e a s .  I n  l a t e  summer a l l  a g e  
c l a s s e s  and b o t h  s e x e s  move o u t  t o  t h e  e d g e  o f  t h e  p e r m a n e n t  pack-  
i c e  o r  t o  t h e  r e m n a n t s  o f  i c e  n e a r  t h e  s h o r e ,  and s p e n d  m o s t  of  
t h e i r  t i m e  i n  t h e  w a t e r  f e e d i n g .  H e r e  t h e y  r e m a i n  t h r o u g h o u t  t h e  
w i n t e r  and i n t o  e a r i y  s p r i n g ,  u n t i l  t h e  a p p r o a c h  o f  t h e  n e x t  
b r e e d i n g  s e a s o n .  I n  t h e  w e s t e r n  A t l a n t i c ,  t h i s  p e l a g i c  p h a s e  and  
r e d i s t r i b u t i o n  may i n v o l v e  journeys  o f  hundreds of k i l o m e t r e s ,  b u t  
t h e r e  i s  no ev idence  f o r  s i m i l a r  l o n g  m i g r a t i o n s  i n  t h e  B a r e n t s  Sea 
( Ø r i t s l a n d ,  1985). 
A s  w e l l  a s  s e a s o n a l  l o c o m o t o r y  p a t t e r n s  t h e r e  e x i s t s  a  d a i l y  
p a t t e r n  o f  a c t i v i t y  d u r i n g  t h e  e a r l y  summer ( S m i t h ,  1973) .  A t  t h i s  
t i m e  r i n g e d  s e a 1  h a u l  o u t  a r o u n d  l e a d s  and b r e a t h i n g  h o l e s  d u r i n g  
t h e  d a y  h o u r s  and s p e n d  t h e  e v e n i n g  h o u r s  i n  t h e  w a t e r  ( S m i t h ,  
1973). T h i s  p a t t e r n  i s  l o s t  i n  mid-summer when t h e  s e a l s  moul t  and 
s p e n d  much l o n g e r  p e r i o d s  on t h e  i c e .  H a u l o u t  i s  a l s o  a f f e c t e d  by 
w e a t h e r ,  a s  t h e  s e a l s  s t a y  i n  t h e  w a t e r  d u r i n g  c o l d  and h i g h  wind 
( S m i t h  and H a m m i l l ,  1981).  F o r  t h e  r e s t  o f  t h e  y e a r  t h e  s e a l s  a r e  
p e l a g i c  and spend l i t t l e  time on t h e  i c e  su r face .  
F a c t o r s  of p o s s i b l e  relevante t o  o i l  p o l l u t i o n :  
1. F a s t - i s e  phase, 
a. Most of  t h e  a d u l t s  a r e  f o u n d  i n  f a s t - i c e  a r e a s  w i t h  l i t t l e  i c e  
movement, There should  be l i t t l e  p e n e t r a t i o n  of  o i l  i n t o  t h i s  a r e a  
provided under- ice  o i l  movement does  n o t  occur.  
b. A f t e r  a  s p i l l a g e  o f  o i l  i n  f a s t - i c e ,  l a c t a t i n g  f e m a l e s  c o u l d  b e  
e x p e c t e d  t o  become o i l - f o u l e d  d u r i n g  f e e d i n g  e x c u r s i o n s  and t o  
d e p o s i t  some o f  t h i s  o i l  i n t o  t h e  b i r t h  l a i r .  The pup c a n  b e  
expected  t o  become p a r t i a l l y  o r  t o t a l l y  o i l - fou led .  
c. The e f f e c t  of  prolonged o i l i n g  o f  t h e  pup i n  t h e  l a i r  i s  unknown. 
2. P e l a g i c  Phase .  
a. O i l  i n  d r i f t i n g  p a c k  i c e  c a n  b e  e x p e c t e d  t o  h a v e  a  t h i c k n e s s  o f  
up t o  one c e n t i m e t r e  i n  w a t e r  and more on t h e  f l o e  s u r f a c e .  
b. The p e l a g i c  e x i s t e n c e  o f  t h e  r i n g e d  s e a 1  i n  p a c k  i c e  f r o m  l a t e  
summer t o  e a r l y  s p r i n g  would make it very  s u s c e p t i b l e  t o  o i l - f s u l i n g  
from any l o c a l  s p i l l .  
c. The p r e s e n c e  o f  r i n g e d  s e a l s  d u r i n g  t h e  s p r i n g  b r e e d i n g  s e a s o n  
may be  e s t a b l i s h e d  by l i s t e n i n g  f o r  underwa te r  c a l l s .  
2.1.7 Walrus 
The  A t l a n t i c  w a l r u s  ( O d o b e n u ~  r o s m a r u s  r o s m a r u s )  i s  a  
s u b s p e c i e s  o f  a  l a r g e r  w a l r u s  p o p u l a t i o n  w i t h  n e a r l y  c i r c u m p o l a r  
d i s t r i b u t i o n  ( F a y ,  1981 ;  F i g .  7).  T h e r e  a r e  p r e s e n t l y  a b o u t  3 0 , 0 0 0  
i n d i v i d u a l s  ( R e i j n d e r s ,  1982). They a r e  easy  t o  d i s t i n g u i s h  from t h e  
l a r g e  s i z e ,  l o n g  t u s k s  ( w h i c h  b o t h  s e x e s  p o s s e s s )  and r o u g h  s k i n  
w i t h  s h o r t  c o a r s e  h a i r .  Walrus a r e  i n h a b i t a n t s  o f  d r i f t i n g  pack i c e  
i n  s h a l l o w  s e a s  and f e e d  on b e n t h i c  s p e c i e s  t o  a  d e p t h  of  about  80m 
( F a y ,  1981) .  T h e r e  i s  a p p a r e n t l y  a b o u t  100 w a l r u s  s u m m e r i n g  i n  t h e  
S v a l b a r d  a r e a ,  m o s t  o f  w h i c h  a r e  m a l e s ,  b u t  numbers  v a r y  and up t o  
3 0 0  h a v e  b e e n  o b s e r v e d  ( B o r n ,  1 9 8 4 ) .  T h e r e  a p p e a r s  t o  b e  a  
r e p o p u l a t i o n  o f  t h e  S v a r l b a r d  a r c h i p e l a g o  t a k i n g  p l a c e  from groups  
around Franz  J o s e f  Land and Novaya Zemlya. 
" W a l r u s  a r e  h i g h l y  g r e g a r i o u s ,  t r a v e l l i n g  and h a u l i n g  o u t  i n  
g r o u p s .  B o t h  on l a n d  and i c e ,  t h e y  l i e  i n  c l o s e  p h y s i c a l  c o n t a c t  
w i t h  t h e i r  neighbours.  Lone i n d i v i d u a l s  a r e  u s u a l l y  a d u l t  males. The 
s p e c i e s  i s  s e x u a l l y  d i m o r p h i c .  A d u l t  m a l e s  a r e  260-345cm l o n g  and 
weigh 790-1,40Okg, w h i l e  f e m a l e s  a r e  21 8-288cm long and weigh 522- 
925kg (Fay, 1981). They seem t o  be  m i g r a t o r y  a n i m a l s ,  f o l l o w i n g  t h e  
movements  o f  t h e  i c e  f r o n t  S o u t h  i n  t h e  autumn and N o r t h  i n  t h e  
s p r i n g ,  a l t h o u g h  t h e  d e t a i l s  o f  t h e s e  movements  h a v e  n o t  b e e n  
s t u d i e d .  
P u b e r t y  o c c u r s  u s u a l l y  a t  f i v e  t o  s i x  y e a r s  f o r  f e m a l e s  and 
n i n e  t o  t e n  y e a r s  f o r  males. However it t a k e s  a  f u r t h e r  s i x  y e a r s  o r  
s o  b e f o r e  ma les  a r e  l a r g e  enough t o  compete s o c i a l l y  d u r i n g  b reed ing  
( F a y ,  1981).  L u k i n  (1978)  r e p o r t e d  t h a t  w h e l p i n g  o c c u r s ,  a t  l e a s t  
f o r  t h e  Novaya Zemlya g r o u p ,  i n  l a t e  December and e a r l y  J a n u a r y ,  
a l t h o u g h  f o r  t h e  w e s t e r n  A t l a n t i c  g r o u p  i t  i s  t h e  s p r i n g  ( A p r i l -  
May)(Fay, 1981). There i s  born u s u a l l y  a  s i n g l e  c a l f  t h a t  i s  suck led  
f o r  a b o u t  t w o  y e a r s  ( F a y ,  1981) .  A f t e r  w e a n i n g  f e m a l e s  s t a y  w i t h  
g r o u p s  o f  a d u l t  f e m a l e s  w h i l e  m a l e s  u s u a l l y  wander  away t o  j o i n  
h e r d s  o f  y o u n g e r  and o l d e r  m a l e s ,  M a t i n g  o c c u r s  f r o m  J a n u a r y  t o  
Figure 7. Walrus distribution in the Northeast Atlantic 
March ( F a y ,  1981).  The m a t i n g  s y s t e m  i s  p o l y g y n o u s .  M a l e s  c o m p e t e  
w i t h  each o t h e r  f o r  p r o x i m i t y  t o  g roups  o f  f e m a l e s  and t h e n  d i s p l a y  
i n  t h e  w a t e r  i n  f r o n t  o f  them w i t h  a  c o m p l e x  s y s t e m  o f  c a l l s  
( S c h e v i l l ,  Watkins and Ray, 1966; Ray and Watkins,  1975). I n d i v i d u a l  
f emales  l e a v e  t h e  r e s t i n g  he rd  t o  meet a  chosen male i n  t h e  w a t e r ,  
where c o p u l a t i o n  o c c u r s  (Fay, 1981 1. I m p l a n t a t i o n  of  t h e  b l a s t o c y s t  
i s  d e l a y e d  f o u r  t o  f i v e  m o n t h s  and o c c u r s  i n  J u n e  and J u l y .  The 
b i r t h  i n t e r v a l  i s  two y e a r s  i n  young a d u l t s  and f o u r  y e a r s  i n  o l d e r  
f emal e s .  
The food  c o n s i s t s  m a i n l y  o f  b e n t h i c  o r g a n i s m s ,  e s p e c i a l l y  
b i v a l v e  rnolluscs,  b u t  s m a l l  c r u s t a c e a n s ,  worms, f i s h ,  s e a - s t a r s  and 
even o t h e r  mar ine  mammals a r e  a l s o  e a t e n  ( O l i v e r ,  S l a t t e r y ,  OtConnor 
and Lowry, 1983; Lowry and Fay, 1984). The d a i l y  food i n t a k e  i s  some 
s i x  p e r  c e n t  of  body weight .  
F a c t o r s  of p o s s i b l e  relevante t o  o i l  p o l l u t i o n :  
1. Walrus a r e  g r e g a r i o u s  s o  t h a t  g roups  r a t h e r  than  i n d i v i d u a l s  may 
become o i l - f o u l e d .  
2. O i l  s p i l l e d  i n  d r i f t i n g  pack  i c e  f o r m s  t h i c k e r  l a y e r s  t h a n  i n  
open s e a  and may remain  a  con taminan t  over  s e v e r a l  m e l t  seasons.  
3, The p r e y  i s  p r i m a r i l y  b e n t h i c  i n v e r t e b r a t e s  t h a t  a r e  v e r y  
s e n s i t i v e  t o  o i l  t o x i c i t y ,  
4. W a l r u s  a r e  u n l i k e l y  t o  b e  f o u n d  i n  t h e  s o u t h e r n  B a r e n t s  s e a  
because  o f  t h e  e x c e s s i v e  wa te r  dep th .  
2.2 Large whales 
L a r g e  w h a l e s  t h a t  h a v e  been  s i g h t e d  i n  t h e  B a r e n t s  and N o r t h  
S e a s  i n c l u d e  t h e  f i n ,  s e i ,  minke ,  b l u e ,  s p e r m ,  humpback,  and 
G r e e n l a n d  w h a l e  ( B e n j a m i n s e n ,  B e r l u n d ,  C h r i s t e n s e n ,  C h r i s t e n s e n ,  
Huse and S a n d n e s ,  1976).  W i t h  t h e  e x c e p t i o n  o f  t h e  s p e r m  and 
bowhead,  t h e s e  w h a l e s  a r e  r o r q u a l s ,  and a r e  s t r o n g  swimmers w i t h  
l o n g  s e a s o n a l  m i g r a t i o n s  ( Jonsgård ,  1966a). The b l u e  and s e i  whales  
p robab ly  f e e d '  e x c l u s i v e l y  on p e l a g i c  c r u s t a c e a n s  ( k r i l l ) .  F in ,  minke 
and humpback e a t  k r i l l  and v a r i o u s  f i s h ,  and minke wha les  t a k e  even 
l a r g e r  f i s h  s u c h  a s  c o d ,  s a i t h e  and haddock.  The f o o d  o f  t h e  s p e r m  
w h a l e  c o m p r i s e s  s q u i d  and o c t o p u s  f r o m  mid- and d e e p - w a t e r ,  and 
b e n t h i c  f i s h  (Ca ldwel l ,  C a l d w e l l  and Rice ,  1966). The g r e a t  i n c r e a s e  
i n  k r i l l  a b u n d a n c e  i n  h i g h  A r c t i c  w a t e r s  d u r i n g  t h e  s p r i n g  and 
summer m o n t h s ,  t a k e s  t h e  w h a l e s  n o r t h w a r d  i n  a  f e e d i n g  m i g r a t i o n .  
During t h e  autumn and w i n t e r  t h e  whales  move southward i n  a  b r e e d i n g  
m i g r a t i o n  t o  t h e  w a r m e r  w a t e r s  of  t h e  n o r t h  A t l a n t i c ,  w h e r e  b i r t h  
and mat ing  occur,  The i n f o r m a t i o n  g i v e n  h e r e  r e g a r d i n g  d i s t r i b u t i o n  
h a s  b e e n  c o l l e c t e d  m o s t l y  f r o m  w h a l i n g  r e p o r t s  a n d  i s  n o t  
n e c e s s a r i l y  comprehensive. I n  a d d i t i o n ,  t h e  d i s t r i b u t i o n  d e s e r i b e d  
h e r e  may i n c l u d e  r e g i o n s  i n  w h i c h  w h a l e s  a r e  now s e l d o m  s e e n ,  b u t  
t h e s e  a r e a s  can be  expected  t o  be r e i n h a b i t e d  a s  s t o c k s  i n c r e a s e .  
2.2.1 Right whale 
The G r e e n l a n d  o r  bowhead w h a l e  ( B a l a e n a  m v s t i c e t u s )  i s  a  
c i r c u m p o l a r  s p e c i e s  t h a t  is e x t r e m e l y  r a r e  i n  t h e  North A t l a n t i c  due 
t o  s e v e r a l  c e n t u r i e s  of  o v e r h u n t i n g .  The b i o l o g y  o f  t h e  s p e c i e s  i n  
t h i s  r e g i o n  i s  l a r g e l y  unknown. One G r e e n l a n d  w h a l e  w i t h  c a l f  was  
r e p o r t e d  n e a r  Novaya Zemyla  i n  1973  and a n o t h e r  w i t h  a  c a l f  o f f  
S v a l b a r d  i n  1975 ( B e n j a m i n s e n  e t  a., 1976) .  The 1 9 7 3  o b s e r v a t i o n  
was t h e  f i r s t  recorded f o r  10 years .  A s i n g l e  a d u l t  was seen o f f  t h e  
F i n n m a r k  c o a s t  i n  May, 1982 (Anon, 1983a) .  J o n s g å r d  (1982)  r e g a r d s  
t h e s e  r a r e  s i g h t i n g s  t o  b e  " s t r a g g l e r s  which have s t r a y e d  i n t o  t h e  
a r e a  d u r i n g  summerv. No s i g h t i n g s  o f  l i v e  w h a l e s  h a v e  e v e r  b e e n  
made d u r i n g  su rvey  c r u i s e s  i n  t h e  n o r t h e r n  B a r e n t s  Sea ,  a l t h o u g h  one 
c a r c a s s  was s e e n  a t  l o c a t i o n  7g055 'N,  2ga4g1E i n  1980 ( J o n s g å r d ,  
1982)  and t w o  i n d i v i d u a l s  i n  t h e  pack  i c e  a t  79"5g1N, 0 3 ~ 2 5 ' ~  
(McQuaid , 1986). 
A b r i e f  summary of t h e  b i o l o g y  of t h e  n o r t h - P a c i f i c  p o p u l a t l o n  
is  g i v e n  by F r a k e r  (1984). The whales  spend t h e  w i n t e r  i n  t h e  Ber ing 
Sea and m i g r a t e  n o r t h - e a s t  th rough  t h e  Ber ing S t r a i t  a long  t h e  c o a s t  
o f  A l a s k a  i n  t h e  s p r i n g  t o  r e a c h  t h e  B e a u f o r t  S e a  by May. Much o f  
t h i s  r o u t e  is s t i l l  ice-covered and t h e  whales  must make e x t e n s i v e  
u s e  o f  l e a d s  and even  f o r c e  b r e a t h i n g  h o l e s  when t h e  i c e  i s  t h i n .  
T h i s  makes t h e  Greenland whale  t h e  on ly  l a r g e  whale t o  depend on i c e  
l e a d s  d u r i n g  m i g r a t i o n ,  caus ing  Enge lha rd t  (1983) t o  e x p r e s s  concern  
f o r  i t s  w e l f a r e  i n  t h e  c a s e  o f  an o i l  s p i l l  i n  i c e .  I f  s t r a y  w h a l e s  
a t  S v a l b a r d  s h o w  t h e  s a m e  b e h a v i o u r ,  t h e y  c o u l d  b e  e q u a l l y  
v u l n e r a b l e  t o  o i l  p o l l u t i o n .  The summer is  s p e n t  i n  t h e  Beaufor t  Sea 
f e e d i n g  b e f o r e  moving wes t  a g a i n  i n  August  towards  t h e  Chukchi and 
B e r i n g  Seas. 
Three t y p e s  o f  f e e d i n g  a c t i v i t y  were  d i s t i n g u i s h e d :  sk im,  w a t e r  
co lumn and n e a r - b o t t o m .  Skim f e e d i n g  w h a l e s  move s l o w l y  a t  t h e  
s u r f a c e  w i t h  t h e i r  mouths open. Water column and near-bottom f e e d i n g  
i n v o l v e s  t h e  same t a c t i c s  b u t  a t  r e s p e c t i v e l y  d i f f e r e n t  l e v e l s .  I n  
t h e  l a s t  c a s e  mud c a n  b e  s e e n  s t r e a m i n g  f rom t h e  mouth  a f t e r  
s u r f a c i n g .  A s  w i t h  t h e  s e i  w h a l e ,  o n e  w o n d e r s  a b o u t  t h e  amount  o f  
o i l  t h a t  might  be  i n g e s t e d  d u r i n g  b o u t s  of  s k i m  f e e d i n g  a f t e r  an o i l  
s p i l l .  
B e c a u s e  o f  t h e  s e r i o u s l y  d e p l e t e d  s t a t e  o f  t h e  N o r t h e a s t  
A t l a n t i c  p o p u l a t i o n ,  g r e a t  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  t h e  
p o s s i b l e  e f f e c t s  o f  o i l - f o u l i n g  on t h e s e  w h a l e s  and on t h e i r  p r e y  
s p e c i e s .  However,  v e r y  few o f  t h e s e  w h a l e s  c o u l d  b e  e x p e c t e d  t o  . 
occur  i n  t h e  proposed o i l  l e a s e  a r e a s  o f  t h e  s o u t h e r n  B a r e n t s  Sea. 
F a c t o r s  of  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
l .  These wha les  m i g r a t e  th rough  i c e  and make e x t e n s i v e  u s e  o f  leads .  
O i l  s p i l l e d  i n  d r i f t i n g  i c e  fo rms  l a y e r s  up t o  a  c e n t i m e t r e  o r  more 
t h i c k .  
2. The h a b i t  of skimming t h e  s u r f a c e  d u r i n g  f e e d i n g  may p r e d i s p o s e  
t h e s e  whales  t o  o i l  i n g e s t i o n ,  
2.2.2 Humpback whale 
Humpback wha les  ( M e a a ~ t e r a  n o v a e a n a l i a e )  have a  ve ry  pronounced 
m i g r a t i o n  c y c l e  t h a t  i n c l u d e s  p a s s a g e  c l o s e  t o  t h e  F i n n m a r k  c o a s t  
( J o n s g å r d ,  1966a) .  A f t e r  s p e n d i n g  t h e  summer ,  au tumn and e a r l y  
w i n t e r  f e e d i n g  m o s t l y  on c a p e l i n ,  i n  t h e  B a r e n t s  S e a ,  t h e r e  i s  a  
westward m i g r a t i o n  from January  t o  March a long  t h e  Norwegian c o a s t ,  
The w h a l e s  a p p r o a c h  t h e  c o a s t  a r o u n d  N o r t h  Cape and f o l l o w  i t  
c l o s e l y  a s  f a r  a s  SørØya ( I n g e b r i g t s e n ,  1 9 2 9 ) ,  w h e r e  t h e y  s w i m  
w e s t w a r d  i n t o  t h e  n o r t h  A t l a n t i c  o r  J a n  M a y e n / I c e l a n d  a r e a .  They 
a p p e a r  t o  a v o i d  t h e  N o r t h  Sea  ( S l i j p e r ,  1 9 6 2 ) ,  a l t h o u g h  v e r y  
o c c a s i o n a l l y  i n d i v i d u a l s  have been s i g h t e d  a long  t h e  Norwegian west 
c o a s t  ( B e n j a m i n s e n  e t  a l . ,  1976) .  They a g a i n  a p p e a r  i n  t h e  B a r e n t s  
Sea r e g i o n  i n  summer, w i t h  c a l v e s ,  t h i s  time moving e a s t w a r d  f u r t h e r  
o u t  from land  t h a n  d u r i n g  t h e  w i n t e r .  I n  summer t h e  l a r g e s t  numbers 
have been observed i n  t h e  n o r t h e a s t e r n  B a r e n t s  Sea. Humpback whales  
have been c o m p l e t e l y  p r o t e c t e d  by Norwegian law s i n c e  1955, and in 
r e c e n t  y e a r s  t h i s  s p e c i e s  h a s  i n c r e a s e d  i n  n u m b e r s  i n  n o r t h - e a s t  
A t l a n t i c  wa te r s .  
I n g e b r i g t s e n  ( 1 9 2 9 )  d e s c r i b e s  t w o  t e c h n i q u e s  f o r  f e e d i n g  on 
k r i l l  a t  t h e  s u r f a c e .  The f i r s t  t e c h n i q u e  i s  t o  s w i m  a r o u n d  t h e  
s h o a l  a t  g r e a t  s p e e d ,  l a s h i n g  t h e  s e a  i n t o  foam w i t h  i t s  f l u k e s .  
T h i s  manouevre c o n c e n t r a t e s  t h e  k r i l l ,  whereupon t h e  whale d i v e s  and 
e n v e l o p s  t h e  k r i l l  f r o m  b e l o w ,  b r e a k i n g  t h e  s u r f a c e .  The o t h e r  
approach is t o  t o  s w i m  i n  a  r i n g  a  s h o r t  d i s t a n c e  under  t h e  s u r f a c e  
w h i l e  b l o w i n g  a  l i n e  o f  b u b b l e s .  T h i s  b u b b l e  " n e t v  a g a i n  
c o n c e n t r a t e s  t h e  k r i l l  f o r  t h e  whale t o  swallow. 
The b u l k  o f  t h e  e n t i r e  humpback p o p u l a t i o n  w i l l  p a s s  t h e  
F i n n m a r k  c o a s t  t h r o u g h  p r o p o s e d  o i l  l e a s e s  Troms 111 and s o u t h  
F i n m a r k  Vest f r o m  J a n u a r y  t o  March,  and a g a i n  d u r i n g  t h e  summer ,  
t h i s  time w i t h  sucking ca lves .  
F a c t o r s  of  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. Feeding below t h e  s u r f a c e  may reduce  t h e  amount of o i l  swal lowed 
d u r i n g  f e e d i n g .  
2. The w h a l e s  m i g r a t e  t h r o u g h  B a r e n t s  S e a  o i l - l e a s e  a r e a s .  They d o  
n o t  f eed  d u r i n g  t h e  m i g r a t o r y  phase ,  which should  g r e a t l y  reduce  t h e  
c h a n c e  o f  o i l  i n g e s t i o n .  The w h a l e s  f o l l o w  a  c o a s t l i n e  t h a t  i s  
e x p e c t e d  t o  b e  s e r i o u s l y  f o u l e d  i n  t h e  e v e n t  o f  an o i l s p i l l  on t h e  
T r o r n s Ø f l a k e t  f i e l d  e x p o s i n g  them t o  e x t e r n a l  o i l  con tamina t ion  i n  
t h e  c a s e  o f  an a c c i d e n t .  
2 ,2 ,3  Blue whale 
The d i s t r i b u t i o n  o f  b l u e  whales  (- musculus)  e x t e n d s  
throughout  t h e  B a r e n t s  Sea up t o  t h e  Sva lba rd  r e g i o n  i c e  edge ( 8 0 " ~ )  
( J o n s g å r d ,  1 9 6 6 a )  and s o u t h w a r d  t h r o u g h  t h e  N o r t h  S e a ,  a l t h o u g h  
t h e i r  numbers a r e  s t i l l  q u i t e  dep le ted .  The B a r e n t s  Sea a p p e a r s  t o  
b e a n  e n d - s t a g e  i n  a  m i g r a t o r y  s w e e p  f r o m  b o t h  t h e  s o u t h - w e s t  and 
s o u t h - e a s t  n o r t h  A t l a n t i c  ( S l i j p e r ,  1 9 6 2 ) ,  w i t h  t h o s e  coming  f r o m  
t h e  s o u t h - e a s t  A t l a n t i c  p a s s i n g  a long t h e  Norwegian c o a s t l i n e .  The 
whales  r e a c h  t h e  Finmark-BjØrnØya r e g i o n  i n  June  and J u l y  and beg in  
t h e  r e v e r s e  t r i p  south-west  i n  August ( I n g e b r i g t s e n ,  1929). 
F a c t o r s  o f  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. S i n g l e  a n i m a l s  and s m a l l  g r o u p s  c a n  b e  e x p e c t e d  i n  t h e  p r o p o s e d  
o i l - d r i l l i n g  a r e a s  th roughou t  t h e  year .  
2. Blue whales  f e e d  p r i m a r i l y  on k r i l l .  
' 
2.2.4 Fin whale 
S e p a r a t e  f i n  w h a l e  ( B a l a e n o ~ t e r a  p h v s a l u s )  p o p u l a t i o n s  a r e  
b e l i e v e d  t o  e x i s t  o f f  west Norway and i n  t h e  B a r e n t s  S e a  o f f  n o r t h  
Norway, w i t h  l i t t l e  o r  no m i x i n g  b e t w e e n  t h e  t w o  (FAO, 1978).  
A c c o r d i n g  t o  I n g e b r i g t s e n  (19291,  t h e r e  a r e  i n d i c a t i o n s  t h a t -  i n  
March, t h e  n o r t h e r n  g roup  approaches  t h e  c o a s t  o f  Finnmark from t h e  
n o r t h e r n  r e g i o n s  of t h e  B a r e n t s  Sea ,  and l e a v e s  westward  i n  A p r i l  i n  
a  l a r g e  c l o c k w i s e  c i r c l e  t h a t  t a k e s  them p a s t  BjØrnØya and S v a l b a r d  
f rom May t o  A u g u s t ,  and t o  e a s t e r n  A r c t i c  w a t e r s  f o r  t h e  w i n t e r .  
However ,  n u m b e r s  o f  f i n  w h a l e s  h a v e  b e e n  r e p o r t e d  b o t h  t h r o u g h o u t  
t h e  summer a r o u n d  S v a l b a r d  and i n  au tumn a l o n g  t h e  F i n m a r k  c o a s t  
( t h e  l a t t e r  may be  members o f  t h e  wes te rn  group)  (JonsgArd, 1966a). 
Concerning t h e  w e s t e r n  group,  Jonsgård  (1966b) r e p o r t s  t h a t  f i n  
w h a l e s  w e r e  o n c e  s e e n  o f f  w e s t e r n  Norway f o r  m o s t  m o n t h s  o f  t h e  
y e a r .  D u r i n g  t h e  summer m i g r a t i o n  t h e y  f e d  on k r i l l ,  b u t  i n  t h e  
w i n t e r  t h e y  fo l lowed  t h e  s c h o o l s  of  At lanto-Scandic  h e r r i n g  d u r i n g  
i t s  s p a w n i n g  m i g r a t i o n  and f e d  upon h e r r i n g .  They a p p r o a c h e d  t h e  
c e n t r a l  c o a s t  i n  J a n u a r y  and moved s o u t h  a l o n g  t h e  c o a s t  u n t i l  
Apr i l -May b e f o r e  d i s p e r s i n g  west o r  n o r t h  i n t o  t h e  Norwegian  Sea. 
While t h e  s i z e  of  t h e  n o r t h e r n  popula ton is undetermined,  t h e r e  were 
e s t i m a t e d  t o  be  2,700 i n  t h e  wes te rn  group i n  1946 and about  400 i n  
1963. F i n  w h a l e s  h a v e  n o t  b e e n  c a u g h t  by  Norway s i n e e  9968. The 
l o c a t i o n s  o f  whales  which were caught  from Norwegian s h o r e  s t a t i o n s  
i s  shown i n  F i g .  8. 
Numbers of f i n  wha les  may t h e s e f o r e  b e  expected  t o  occur  i n s i d e  
t h e  p r o p o s e d  o i l  l e a s e  a r e a s  f r o m  March t h r o u g h  t o  t h e  au tumn 
(September-October).  
1. The most  r eward ing  a r e a s  o f  p a s t  h u n t i n g  and t h e r e f o r e  p robab ly  
o f  whale numbers c o r r e l a t e s  w e l l  w i t h  p r e s e n t  and proposed o i l  l e a s e  
a r e a s .  
2. F i n  w h a l e s  f e e d  a t  t h e  s u r f a c e  b u t  f r o m  b e l o w ,  p e r h a p s  r e d u c i n g  
t h e å r  c o n t a c t  w i t h  p o s s i b l e  o i l  s l i c k s .  
3, P r e y  s p e c i e s  i n c l u d e  b o t h  k r i l l  and f i s h ,  p o s s i b l y  r e d u c i n g  t h e  
t h r e a t  of  d e a t h  of  p rey  s p e c i e s  a f t e r  o i l ,  
Figure 8. Location of fin whales caught in the 
Norweaian and Barents Sea in association 
with Norwegian land-based whaling operations 
2.25 S e i  wkale  
T h i s  w h a l e  ( B a l a e n o ~ t e r a  b o r e a l i s )  is a  warm-water m i g r a t o r y  
s p e c i e s  w i t h  a n  i r r e g u l a r  d i s t r i b u t i o n  a r o u n d  t h e  n o r t h  A t l a n t i c  
nor thward t o  about  72"N, a l t h o u g h  t h e y  a r e  o c c a s i o n a l l y  seen  around 
Sva lba rd  i n  mid-summer. The s p e c i e s  spends  t h e  
w i n t e r  i n  t h e  warmer  A t l a n t i c ,  w h e r e  i t  p r e s u m a b l y  g i v e s  b i r t h  i n  
F e b r u a r y - M a r c h ,  and m i g r a t e s  n o r t h  p a s t  t h e  S h e t l a n d  I s l a n d s  t o  
a p p e a r  o f f  t h e  c o a s t  o f  More  a b o u t  t h e  m i d d l e  o f  A p r i l  
( I n g e b r i g t s e n ,  1929).. Depend ing  on f o o d  a v a i l a b i l i t y ,  t h e y  may 
c o n t i n u e  n o r t h  t o  appear  o f f  Finnmark a t  t h e  beginning o f  J u l y  where 
t h e y  may remain  t o  t h e  end o f  August. However, c a t c h  s t a t i s t i c s  from 
t h e  wha l ing  s t a t b o n  a t  S k j e l n a n ,  Troms@, shows t h a t  s e i  wha les  have 
been seen o n l y  s p o r a d i c a l l y  a s  f a r  n o r t h  a s  s o u t h e r n  Finmark a f t e r  
t h e  second wor ld  war ( Jonsgård ,  1985). 
I n g e b r i g t s e n  ( 1 9 2 9 )  h a s  g i v e n  a  d e s c r i p t i o n  o f  f e e d i n g .  The 
w h a l e  s w i m s  a t  s p e e d  and lsskimslI  s w a r m s  of  k r i l l  w i t h  moutka h a l f -  
open  and i t s  head  a b o v e  w a t e r .  When t h e  b u c c a l  c a v i t y  i s  f u l 1  t h e  
whale d i v e s  and swa l lows  t h e  food. T h i s  t e c h n i q u e  i s  i n  c o n t r a s t  t o  
t h e  b l u e ,  f i n  and  humpback,  t h a t  a p p r o a c h  t h e  s h o a l s  o f  p r e y  f r o m  
below, i n g e s t  most underwa te r ,  and bseak t h e  s u r f a c e  from below, E t  
would  seem t h a t  t h e  s e i  w h a l e  h a s  t h e  p o s s i b i l i t y  t o  i m g e s t  l a r g e  
q u a n t i t i e s  of o i l  i f  i t  d e c i d e s  t o  f e e d  i n  t h e  v i c i n i t y  o f  an  o i l  
s l i c k .  
S e i  w h a l e s  a r e  u n l i k e l y  t o  o c c u r  i n  t h e  o i l  l e a s e  a r e a s  i n  
s i g n i f i c a n t  numbers. 
F a c t s r s  o f  p o s s i b l e  r e l e v a n e e  t o  o i l  p o l l u t i o n :  
1. The summer d i s t r i b u t i o n  i n  Norwegian w a t e r s  is  main ly  o f f  w e s t e r n  
Norway. 
2. S e i  whales  s t a y  c l e a r  o f  t h e  pack i c e .  
3. Females  approaching t h e  West and North Norwegian c o a s t s  i n  s p r i n g  
have suck ing  e a l v e s ,  
4, S e i  w h a l e s  l l sk imn t h e  w a t e r  s u r f a c e  when f e e d i n g  w i t h  p o s s i b l e  
consequence f o r  o i l  i n g e s t i o n .  
5. D e a t h  o f  s u r f a c e  k r i l l  a f t e r  o i l  s p i l l a g e  c o u l d  t h r e a t e n  f o o d  
a v a i l a b i l i t y .  On t h e  o t h e r  hand t h e  power fu l  swimming a b i l i t i e s  o f  
t h e  s e i  whale should  e n a b l e  it t o  l o c a t e  o t h e r  k r i l l  s t o c k s  qu ick ly .  
2.2.6 Minke whale 
A presumably s e p a r a t e  Nor theas t  A t l a n t i c  s t o c k  of  minke whale  
( B a l a e n o ~ t e r a  a c u t o r o s t r a t q )  i s  d i s t r i b u t e d  f r o m  t h e  B r i t i s h  I s les  
a c r o s s  t h e  North Sea and a long  t h e  Norwegian c o a s t  i n t o  t h e  B a r e n t s  
S e a  ( F i g u r e  g ) ,  and h a s  b e e n  h u n t e d  c o m m e r c i a l l y  by Norwegian  
" s m a l l - t y p e f t  w h a l e r s  s i n c e  t h e  e a r l y  19301s.  R e c e n t  e s t i m a t e s  
i n d i c a t e  a  t o t a l  s t o c k  b e t w e e n  44,000 and 60 ,000  w h a l e s  and a n  
a n n u a 1  a v e r a g e  o f  2218 w h a l e s  h a v e  b e e n  c a u g h t  f r o m  1938  t o  1985. 
During t h e  l a s t  15 y e a r s  abou t  85% o f  t h e  c a t c h e s  have been t a k e n  i n  
t h e  B a r e n t s  S e a  a r e a  i n c l u d i n g  c o a s t a l  w a t e r s  o f  F i n m a r k  and  
S v a l b a r d  ( Ø i e n , J @ r g e n s e n  and Ø r i t s l a n d ,  i n  p r e s s ) .  The n o r t h e r n  
l i m i t  o f  t h e i r  r a n g e  i s  t h e  e d g e  o f  t h e  s e a  i c e  ( J o n s g å r d ,  1 9 6 6 a ) .  
A r e g u l a r  m i g r a t i o n  occurs ,  southward i n  t h e  autumn and nor thward i n  
t h e  s p r i n g  and e a r l y  summer, a l t h o u g h  some younger a n i m a l s  may spend 
t h e  e n t i r e  y e a r  i n  t h e  Norwegian  and B a r e n t s  S e a s .  D u r i n g  t h e  
m i g r a t i o n s  m a l e s  and f e m a l e s  move s e p a r a t e l y ,  f e m a l e s  and c a l v e s  
u s u a l l y  c l o s e r  t o  t h e  Norwegian c o a s t  t h a n  t h e  males. 
S u b s t a n t i a l  numbers  o f  m i n k e  w h a l e s  may b e  e x p e c t e d  i n  t h e  
proposed o i l  l e a s e  a r e a s  d u r i n g  a l l  times of t h e  y e a r ,  b u t  g r e a t e s t  
numbers d u r i n g  t h e  summer and e a r l y  autumn. 
F a c t o r s  of  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
l .  The r a n g e  o f  k r i l l  and f i s h  s p e c i e s  e a t e n  r e d u c e s  t h e  t h r e a t  o f  
o i l - induced  d e a t h  of  p rey  spec ies .  
Figure 9. Distribution of minke whales caught by 
Norwegian small-type whalers in the 
Northeast Atlantic during 1980 (Øien 
et al. in press). 
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2.2.7 Sperm whale . 
The sperm whale ( p h v s e t e r  ca todon)  i s  a  m i g r a t o r y  s p e c i e s  w i t h  
a d u l t s  m a l e s  moving n o r t h  i n  t h e  summer and s o u t h  i n  t h e  win te r .  A 
s i n g l e  s t o c k  i s  b e l i e v e d  t o  e x i s t  i n  t h e  n o r t h - e a s t  A t l a n t i c .  I n  t h e  
summer s p e r m  w h a l e s  a r e  f o u n d  i n  d e e p  w a t e r s  o f f  t h e  c o n t i n e n t a l  
s h e l f  o f f  More and V e s t e r å l e n  n o r t h w a r d  t o  BjØrnØya ( J o n s g å r d ,  
1985). Puber ty  i n  t h e  f e m a l e s  o c c u r s  a t  an approximate  age  o f  n i n e  
y e a r s  and l e n g t h  o f  n i n e  m e t r e s  (Ca ldwel l  e t  al. ,  1966). P a r t u r i t i o n  
o c c u r s  i n  lower  l a t i t u d e s  around t h e  Azores from J u l y  t o  September 
a f t e r  a  g e s t a t i o n  o f  some 15 months and l a c t a t i o n  l a s t s  f o r  about  24 
months. The b i r t h - b i r t h  i n t e r v a l  i s  t h e r e f o r e  f o u r  years .  
Few s p e r m  w h a l e s  c a n  b e  e x p e c t e d  i n  t h e  p r o p o s e d  o i l  l e a s e  
F a c t o r s  o f  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. Sperm whales  i n  p o l a r  w a t e r s  a r e  u s u a l l y  s i n g l e  males. 
2. The s p e c i e s  f eed  a t  d e p t h  and t h e r e  is  probably  l i t t l e  chance o f  
danger  t o  p rey  s p e c i e s  from o i l .  
3. The d i s t r i b u t i o n  e x t e n d s  t o  t h e  i c e  edge b u t  n o t  i n t o  t h e  i ce .  
2.3 Smaller whales 
The b o t t l e n o s e  w h a l e ,  common p o r p o i s e ,  k i l l e r  w h a l e ,  w h i t e  
w h a l e  ( b e l u g a )  and t h e  w h i t e - b e a k e d  d o l p h i n  a r e  t h e  spec ies  o f  
s m a l l e r  t o o t h e d  w h a l e s  t h a t  c a n  c a n  b e  e x p e c t e d  t o  b e  f o u n d  i n  t h e  
B a r e n t s  S e a  o i l  l e a s e  a r e a s .  Most  o f  them h a v e ,  h o w e v e r ,  a  much 
b roader  d i s t r i b u t i o n  th roughou t  t h e  Norwegian and North Seas. Where 
no o t h e r  r e f e r e n c e  i s  g i v e n ,  t h e  i n f o r m a t i o n  s u p p l i e d  i n  t h i s  
s e c t i o n  comes from Jonsgård  (1985). 
Killer whales  (Orcinus  o r c a )  a r e  a  cosmopol i t an  s p e c i e s  and a r e  
common o f f  t h e  e n t i r e  c o a s t  o f  Norway. They a r e  e s p e c i a l l y  common i n  
t h e  More and Lofoten a r e a  where t h e y  a r e  o f t e n  found i n  h a r b o u r s  and 
f j o r d s .  M i g r a t i o n s  a r e  a s s o c i a t e d  w i t h  t h e  s e a s o n a l  movements of t h e  
h e r r i n g  s e h o o l s  (Jonsgård  and Tyshae l ,  1970; C h r i s t e n s e n ,  1982) 
A d u l t  f e m a l e s  r e a c h  a  l e n g t h  o f  a b o u t  5.8m and m a l e s  &."(m 
( C h r i s t e n s e n ,  1 9 8 4 ) ,  a l t h o u g h  l e n g t h s  o f  up t o  n i n e  metres h a v e  
been recorded  (Jonsgård  and Tyshael ,  1970). A d u l t s  occur  u s u a l l y  i n  
s m a l l  s c h o o l s  of two t o  f o u r  i n d i v i d u a l s  b u t  much l a r g e r  g roups  a r e  
a l s o  seen. There  is  no d e f i n i t e  b r e e d i n g  season  and b i r t h s  occur  a t  
a l l  t imes of  t h e  y e a r  w i t h  a  p e a k  i n  l a t e  au tumn and  w i n t e r .  A 
v a r i e t y  o f  s p e c i e s  a r e  e a t e n ,  m a i n l y  s c h o o l i n g  f i s h e s ,  b u t  a l s o  
s e a l s  and o t h e r  whales  ( C h r i s t e n s e n ,  1982). 
T h i s  b o t t l e n o s e  w h a l e  ( H v ~ e r o o d o n  a m ~ u l l a t u s ) i s  an i n h a b i t a n t  
o f  deeper  waters .  I n  Norway it o c c u r s  o f f  t h e  c o n t i n e n t a l  s h e l f  o f f  
More and V e s t e r å l e n ,  b u t  i s  a l s o  s e e n  i n  t h e  t r e n c h  a r e a  t h a t  r u n s  
n o r t h w a r d ,  Wes t  o f  BjØrnØya and S p i t s b e r g e n ,  S v a l b a r d .  I t  i s  a  
m i g r a t o r y  s p e c i e s ,  moving n o r t h  i n  t h e  s p r i n g  and summer and 
r e t u r n i n g  s o u t h  d u r i n g  t h e  w i n t e r .  I n d i v i d u a l s  u s u a l l y  a s s o c i a t e  
w i t h  e a c h  o t h e r  i n  s c h o o l s ,  a l t h o u g h  o l d e r  m a l e s  o f t e n  m i g r a t e  
a l o n e ,  The s p e c i e s  h a s  b e e n  p r o t e c t e d  s i n c e  1978 ( B e n j a m i n s e n  and 
C h r i s t e n s e n  1979). 
AduPt f e m a l e s  a r e  commonly a b o u t  7,5m l o n g  and a d u l t  m a l e s  
8.5-9.0m. Newly b o r n  a n i m a l s  a r e  some t h r e e  m e t r e s  l o n g .  The p r e y  
s p e c i e s  a r e  f i s h  and c u t t l e f i s h ,  The b r e e d i n g  p e r i o d  l a s t s  f r o m  
J a n u a r y  t o  J u n e  w i t h  a  p e a k  i n  A p r i l .  The g e s t a t i o n  p e r i o d  i s  o n e  
y e a r  ( C h r i s t e n s e n ,  197%).  
2.3.3 Common porpoise 
The common o r  h a r b o u r  p o r p o i s e  ( P h o c a e n a  ~ h o c a e n a )  i s  t h e  
s m a l l e s t  o f  t h e  c e t a c e a n s  f o u n d  i n  Norwegian  w a t e r s ,  r e a c h i n g  a n  
a d u l t  l e n g t h  of  l.7m. I t  i s  v e r y  common a l o n g  c o a s t s  and i n s h o r e  
w a t e r s ,  p a r t i c u l a r l y  o f f  t h e  West  and N o r t h  c o a s t s .  T h e r e  a r e  
a p p a r e n t l y  no  l o n g  s e a s o n a l  movements  a s  a r e  f o u n d  i n  some o t h e r  
spec ies .  B i r t h  and mat ing  occur  i n  t h e  summer from May t o  J u l y  a f t e r  
a g e s t a t i o n  of 1 1  months, and t h e  s i z e  a t  b i r t h  is abou t  one h a l f  of 
t h e  l e n g t h  of t h e  parent .  
Prey species comprise  s m a l l  f l s h  of v a r i o u s  s p e c i e s .  
2.3.4 White beaked dolphin 
This  a n i m a l  (Laaenorhvnchus a c u t u s )  i s  ve ry  common o f f  n o r t h e r n  
Norway, e s p e c i a l l y  i n  t h e  w a t e r s  between Finnmark and Sva lba rd  i n  
t h e  summer months .  They o c c u r  a l w a y s  i n  f l o c k s ,  b u t  o f  h i g h l y  
v a r i a b l e  s i z e .  L i k e  t h e  b o t t l e n o s e  w h a l e ,  t h e y  m i g r a t e  n o r t h w a r d s  
d u r i n g  t h e  summer months. B i r t h  o c c u r s  i n  t h e  middle  o f  t h e  summer 
i n  n o r t h e r n  w a t e r s ,  and young a r e  a p p r o x i m a t e l y  a  m e t r e  l o n g  a t  
b i r t h .  Adu l t s  r e a c h  a  l e n g t h  of some t h r e e  metres .  
The prey  i s  mos t ly  f i s h  of  v a r i o u s  s p e c i e s ,  
2.3.5 White whale 
The w h i t e  whales o r  be luga  ( D e l ~ h i n e r a ~ t u s  Jeucas )  i s  an A r c t i c  
s p e c i e s  and is common i n  Sva lba rd  w a t e r s  where it o f t e n  fo rms  l a r g e  
h e r d s .  S i n g l e  a n i m a l s  c a n  a l s o  b e  s e e n  i n  t h e  summer m o n t h s  a l o n g  
t h e  c o a s t  of Norway, e s p e c i a l l y  a long  t h e  c o a s t  o f  Finnmark. 
Adult  s i z e  i s  about  f i v e  metres .  B i r t h  and mat ing  occur  i n  t h e  
s p r i n g  and e a r l y  summer, ma in ly  May a f t e r  a  g e s t a t i o n  o f  12 months. 
The n e w l y  b o r n  w h a l e  i s  a b o u t  1.6m l o n g .  The f o o d  c o n s i s t s  o f  f i s h  
and c u t t l e f  i s h ,  
F a c t o r s  o f  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. The s m a l l  s i z e  o f  s e v e r a l  o f  t h e  s p e c i e s  m e n t i o n e d  makes  them 
s u s c e p t i b l e  t o  t h e  underwa te r  b l a s t s  used d u r i n g  s e i s m i c  mapping and 
p l a t f o r m  b u i l d i n g .  T h i s  is  p a r t i c u l a r l y  s o  f o r  t h e  common p o r p o i s e  
and w h i t e  b e a k e d  d o l p h i n .  I n  t h e  c a s e  o f  t h e  b o t t l e n o s e d  w h a l e ,  
n e w l y  b o r n  a n i m a l s  a r e  moving w i t h  t h e  h e r d  when i t  p a s s e s  by  t h e  
l e a s e  a r e a s .  These a n i m a l s  would be  s e n s i t i v e  t o  b l a s t i n g ,  a l t h o u g h  
a d u l t  a n i m a l s  should  be  r e l a t i v e l y  immune. 
2. The v a r i e t y  of  f i s h  and c u t t l e f i s h  s p e c i e s  consumed by n e a r l y  a l l  
of  t h e s e  whales  r educes  p o s s i b l e  problems from d e a t h  of  p rey  s p e c i e s  
a f t e r  o i l  s p i l l .  T h e r e  i s  u n l i k e l y  t o  b e  s e v e r e  d e a t h  o f  t h e  p r e y  
s p e c i e s  o f  t h e s e  whales. 
2.4 Polar bears 
The S v a l b a r d  p o l a r  b e a r  ( U r s u s  m a r i t i m u s )  p o p u l a t i o n  å s  
e s t i m a t e d  t o  c o n t a i n  3 ,000  t o  7 , 0 0 0  i n d i v i d u a l s  d i f f u s e l y  s p r e a d  
over  an a r e a  from 503W t o  70°E, and from abou t  8 2 ' ~  southward t o  t h e  
e d g e  o f  t h e  d r i f t  i c e  ( F i g .  l o ) ,  The w e s t e r n ,  e a s t e r n  and n o r t h e r n  
b o r d e r s  a r e  g e n e r a l l y  c o n s i d e r e d  t o  c o i n c i d e  w i t h  t h e  s h e l f  o r  
s h a l l o w  w a t e r  a r e a s  of t h e  B a r e n t s  S e a  ( L a r s e n ,  1 9 8 4 ) ,  w h i l e  t h e  
s o u t h e r n  b o r d e r ,  t h e  edge of  t h e  d r i f t  i c e ,  f l u c t u a t e s  s i g n i f i c a n t l y  
w i t h  b o t h  y e a r  and s e a s o n .  The s o u t h e r n  l i m i t  o f  t h e  d r i f t  i c e  
o v e r l a p s  t h e  n o r t h e r n  p a r t  o f  t h e  "Barentshav Sydv o i l  l e a s e  a r e a  i n  
March and A p r i l  (Anon, 1946; V i n j e ,  1980) and s o  a  number o f  p o l a r  
b e a r s  c a n  b e  e x p e c t e d  w i t h i n  t h e  l e a s e  a r e a  i n  t h o s e  months .  The 
a c t u a l  d e n s i t y  o f  p o l a r  b e a r s  a l o n g  t h e  i c e  e d g e  i s ,  h o w e v e r ,  n o t  
known. 
The p o l a r  b e a r  i n  t h e  Sva lba rd  a r e a  i s  a  m i g r a t o r y  s p e c i e s  and 
a  n o r t h - e a s t  movement h a s  b e e n  n o t e d  i n  t h e  s p r i n g  ( L a r s e n ,  
u n p u b l i s h e d ) ,  En a d d å t i o n ,  m a l e  a d u l t s  t e n d  t o  s e g r e g a t e  f r o m  
Figure  10. Polar  bear s i s t r i b u t i o n  i n  t h e  Northeast A t l a n t i c  
f e m a l e s  and j u v e n i l e  i n d i v i d u a l s  ( S t i r l i n g  et d., 1977;  L a t o u r ,  
1981) and presumably occupy f r i n g e  h a b i t a t  a reas .  It can t h e r e f o r e  
b e  a n t i c i p a t e d  t h a t  p r i m a r i l y  t h e  a d u l t  m a l e  s e g m e n t  o f  t h e  
p o p u l a t i o n  w i l l  be  exposed t o  e v e n t u a l  pe t ro leum development i n  t h e  
B a r e n t s h a v  Syd a r e a .  I t  h a s  b e e n  c a l c u l a t e d  t h a t  t h e  r e p r o d u c t i v e  
p o t e n t i a l  of t h e  Sva lba rd  p o l a r  b e a r  p o p u l a t i o n  may a l l o w  an annua1 
" t a k e u  o r  m o r t a l i t y  i n d u c e d  by man o f  2%-5% o f  t h e  p o p u b a t i o n ,  
e s p e c i a l l y  if main ly  ma les  a r e  k i l l e d  ( O r i t s l a n d  and Schweinsburg,  
1983;  L a r s e n ,  1984).  Compute r  m o d e l s  a l l o w i n g  a n a l y s i s  of  t h e  
e f f ec t s  of  s i n g l e  i n c i d e n t s  w i t h  c a t a s t r o p h i c  m o r t a l i t y ,  s u c h  a s  
would happen a f t e r  an o i l  s p i l l ,  a r e  a l s o  a v a i l a b l e  (N.A. Ø r i t s l a n d ,  
1985; Ugland and Tors rud ,  1985). 
2.5 Otters 
The E u r o p e a n  o t t e r  ( L u t r a  l u t r a )  i n  Norway i s  n o t  s t r i c t % y  a 
mar ine  mamma1 b u t  o c c u r s  on c o a s t l i n e s  and f e e d s  a long  seashores .  I t  
i s  i n c l u d e d  i n  t h e  r e p o r t  b e c a u s e  it  w i 1 9  c e r t a i n l y  b e  among t h e  
s p e c i e s  a f f e c t e d  when o i l  s t r a n d s  on a  c o a s t l i n e .  
The o t t e r  å s  f o u n d  t h r o u g h o u t  Norway b u t  å s  v e r y  r a r e .  The 
s t r o n g e s t  r emain lng  p o p u l a t i o n  is  found i n  Finnmark,  correspondåang 
t o  t h e  c s a s t l i n e  m o s t  l i k e l y  t o  b e  p o l l u t e d  by an  o i l  s p i l l  in t h e  
B a r e n t s  Sea. 
L i t t l e  i s  known of  t h e  b i o l o g y  o f  t h e  o t t e r .  M a l e s  r e a c h  a  
w e i g h t  o f  e i g h t  t o  t w e l v e  k i l o g r a m s  and a  l e n g t h  o f  a b o u t  120cm, 
w h i l e  t h e  co r respond ing  f i g u r e  f o r  f e m a l e s  is s i x  t o  t e n  k i l o g r a m s  
and 1lOcm ( H a r r i s ,  1968). Adu l t s  a r e  s o l i t a r y  and a r e  seen  t o g e t h e r  
o n l y  d u r i n g  t h e  b r e e d i n g  s e a s o n .  I n  c s a s t a l  a r e a s ,  t h e y  f e e d  on 
b e a c h e s  and up t o  a  h u n d r e d  o r  s o  m e t r e s  o f f s h o r e ,  and e a t  a  w i d e  
range  of f i s h ,  c r a b s  and o t h e r  i n v e r t e b r a t e s .  When d i v i n g ,  t h e  e a r s  
and nose a r e  s e a l e d  and a n i m a l s  hun t  u s i n g  v i s i o n  and t a c t i l e  s e n s e  
t h r s u g h  t h e  s e n s i t i v e  v å b s i s s a e ,  
The g e s t a t i o n  p e r i o d  p e r i o d  i s  probably  61 days  and most b i r t h s  
o c c u r  i n  l a t e  w i n t e r  and e a r l y  s p r i n g ,  a l t h o u g h  t h e r e  i s  no f i x e d  
s e a s o n .  The l i t t e r  s i z e  i s  u s u a l l y  t h r e e  t o  f i v e .  M a t i n g  o c c u r s  
a f t e r  w e a n i n g  o f  t h e  l i t t e r ,  and t h e r e  i s  a p p a r e n t l y  no  d i a p a u s e .  
Mating o c c u r s  bo th  on l a n d  and i n  t h e  water .  
F a c t o r s  o f  p o s s i b l e  r e l e v a n c e  t o  o i l  p o l l u t i o n :  
1. The s p e c i e s  i s  a l r e a d y  r a r e  and d e c l i n i n g  and c a r e f u l  a t t e n t i o n  
should  be  g i v e n  t o  t h e  h a r m f u l  e f f e c t s  of  o i l - f o u l i n g  and i n g e s t i o n .  
2. O i l  i s  r e p o r t e d  t o  k i l 1  a  h i g h  pe rcen tage  of  o t t e r s  con tac ted .  
OIL AND ITS FATE AFTER SPILLAGE 
3.1 Oil and oil products 
Crude, o r  ungrocessed,  o i l  c o n s i s t s  o f  hydrocarbon m o l e c u l e s  o f  
a  s i z e  r ang ing  from very  s h o r t  c h a i n s  up t o  molecu les  w i t h  over  20 
carbon a toms ,  and w i t h  t h r e e  b a s i c  s t r u c t u r e s :  p a r a f f i n s ,  naphthenes  
and a r o m a t i c s  (Evans and Rice ,  1974). Each of t h e s e  f r a c t i o n s  h a s  a  
d i f f e r e n t  v i s c o s i t y ,  s o l u b i l i t y  i n  s e a  w a t e r  and a i r ,  r a t e  o f  decay 
i n  t h e  e n v i r o n m e n t ,  and s o l u b i l i t y  i n  a n i m a l  t i s s u e ,  b u t  i t  i s  t h e  
a r o m a t i c s  t h a t  a r e  t h e  most t o x i e  i n  an imal  t i s s u e s .  I n  g e n e r a l ,  t h e  
a c u t e  t o x i c i t y  and c a r c i n o g e n i c i t y  of  an o i l  i s  p r o p o r t i o n a l  t o  i t s  
a r o m a t i c  c o n t e n t .  
The v a r i o u s  c r u d e  o i l s  h a v e  d i f f e r i n g  p r o p o r t i o n s  o f  t h e s e  
f r a c t i o n s  and s o  i n  t h e o r y  d i f f e r e n t  t o x i c  p o t e n t i a l s  on m a r i n e  
mammals. O i l s  mined f rom t h e  Norwegian  f i e l d s ,  w h i c h  a r e  m o s t  
r e l e v a n t  t o  t h i s  review a r e  Frmoderatev t o  ? l l i g h t W ;  t h e y  c o n t a i n  a  
g r e a t e r  p r o p o r t i o n  o f  s m a l l  m o l e c u l e s  and l e s s  f r o m  t h e  h e a v i e r ,  
more  v i s c s u s  e n d ,  and a r e  t h e r e f o r e  more  f l u i d .  F r e s h  l i g h t  c r u d e  
o i l  approaches  t h e  c o n s i s t e n c y  o f  a summer-type motor o i l .  
I n  a d d i t i o n  t o  c r u d e  o i l s ,  r e f i n e d  p e t r o l e u m  p r o d u c t s  a r e  
i n v o l v e d  i n  m a r i n e  p o l l u t i o n  i n c i d e n t s ,  o f t e n  a f t e r  s h i p p i n g  
a c c i d e n t s ,  b u t  a l s o  f r o m  a c c i d e n t s  on l a n d  w h e r e  t h e  o i l  e n t e r s  
r i v e r s  and s u b s e q u e n t l y  t h e  s e a .  
An o i l  t y p e  v e r y  o f t e n  s p i l l e d ,  p a r t i c u l a r l y  i n  t h e  c a s e  o f  
a c c i d e n t s  i n v o l v i n g  t a n k e r s  and o t h e r  s h i p s ,  i s  f u e l  o i l .  F u e l  o i l s  
a r e  p r o c e s s e d  o i l s  o f  d i f f e r i n g  p h y s i c a l  c h a r a c t e r i s t i c s  t h a t  a r e  
c l a s s i f i e d  under a  n u m e r i c a l  sys tem from one t o  s i x  (Evans and Rice,  
1974). T h o s e  r a t e d  o n e  a r e  t h e  l i g h t e s t  f u e l  o i l s ,  a r e  t h e  mos t  
v o l a t i l e ,  have t h e  h i g h e s t  c o n c e n t r a t i o n  of a r o m a t i c  molecu les ,  and 
a r e  t h e  m o s t  t o x i c  t o  a n i m a l  I å f e ,  Those  r a t e d  s i x  a r e  a s p h a l t i e  
( h e a v i e s t  a n d  t h i c k e s t ) ,  a r e  t h e  l e a s t  v o l a t i l e ,  h a v e  l o w  
s o l u b i l i t i e s  i n  s e a  w a t e r ,  and a l s o  a r e  t h e  l e a s t  t o x i c ,  a l t h o u g h  
t h e y  may have c o n s i d e r a b l e  m a t t i n g  o r  c lumping e f f e c t s  on p e l a g e  and 
f e a t h e r s .  
F i n a l l y  t h e  t h i r d  c l a s s  o f  p e t r o l e u m  p r o d u c t s  commonly 
i m p l i c a t e d  i n  m a r i n e  p o l l u t i o n  i s  o i l y  r e s i d u e s  d e l i b e r a t e l y  and 
o f t e n  i l l e g a l l y  pumped f r o m  t a n k e r s  a t  s e a  (SFT, 1985) .  T h i s  i s  
o f t e n  t h e  s l u d g e  l e f t  f r o m  t h e  s e p a r a t i o n  o f  f u e l  o i l  c a r g o e s ,  and 
i s  h i g h l y  a s p h a l t i c .  I n  p r a c t i c e  t h e s e  r e s i d u e s  behave i n  a  manner 
s i m i l a r  t o  heavy f u e l  o i l s .  
3.2 Degradataon of of1 i n  the sea 
The p h y s i c a l ,  c h e m i c a l  and b i o l o g i c a l  p r o c e s s e s  t h a t  a c t  on 
s p i l l e d  o i l  t o  c h a n g e  o r  l f w e a t h e r M  i t ,  h a v e  been  t h o r o u g h l y  
documented  i n  many p r e v i o u s  r e v i e w  a r t i c l e s  and r e p o r t s  ( s e e  f o r  
e x a m p l e  B e r r i d g e ,  Dean,  F a l l o w s  and F i s h ,  1968;  Hardy,  Mack ie  and 
W h i t t l e ,  1977; Wheeler , 1978) .  
I n  p r a c t i c e ,  c rude  o i l  is s u b j e c t  t o  wea the r ing  o r  d e g r a d a t i o n  
a s  s o o n  a s  i t  e n t e r s  s e a - w a t e r ,  w h i c h  c h a n g e s  i t s  p h y s i c a l  
c h a r a c t e r i s t i c s  and i t s  p o t e n t i a l  f o r  a f f e c t i n g  mar ine  mammals. A 
r a p i d  and s i g n i f i c a n t  p a r t  of t h e  w e a t h e r i n g  p r o c e s s  i s  t h e  
e v a p o r a t i o n  o f  l i g h t e r  componen t s .  B e c a u s e  t h e  l i g h t e r  molecu les ,  
s u c h  a s  t h e  b e n z e n e s  and t o l u e n e s ,  a r e  c o n s i d e r e d  t h e  m o s t  t o x i c ,  
o i l s  w e a t h e r e d  f o r  e v e n  s h o r t  p e r i o d s  s h o u l d  h a v e  a  c o n s i d e r a b l y  
reduced t o x i c i t y  f o r  mar ine  mammals. Continued e v a p o r a t i o n  and o t h e r  
w e a t h e r i n g  p r o c e d u r e s  r e s u l t  i n  a l l  w e a t h e r e d  c r u d e  o i l s  h a v i n g  
s i m i l a r  p h y s i c a l  c h a r a c t e r i s t i c s  whether  t h e y  were o r i g i n a l l y  l i g h t  
o r  h e a v y ,  s o  t h a t  t h e i r  b e h a v i o u r  and b i o l o g i c a l  e f f e c t s  c a n  b e  
cons ide red  g e n e r a l  l y .  
Once on t h e  o c e a n  s u r f a c e ,  o i l  i s  s u b j e c t e d  t o  t h e  a c t i o n  o f  
waves, wind, c u r r e n t s ,  s o l a r  r a d i a  t i o n ,  o x i d a t i o n  and o i l -degrad ing  
microorganisms,  The f i r s t  t h r e e  f a c t o r s ,  waves, winds and c u r r e n t s ,  
sp read  t h e  s p i l t  o i l  and reduce  i t s  t h i c k n e s s .  
Thinning of  t h e  s l i c k  i n c r e a s e s  e v a p o r a t i o n ;  t h e  l i g h t e r ,  more 
v o l a t i l e  c o m p o n e n t s ,  w h i c h  a r e  t h e  m o s t  t o x i c ,  e v a p o r a t e  q u i c k l y  
l e a v i n g  b e h i n d  t h e  h e a v i e r  t a r r y  r e s i d u e s  ( B e r r i d g e  e t  d., 1968) .  
The e x a c t  r a t e  a t  which o i l  e v a p o r a t e s  depends p a r t i c u l a r l y  on s e a  
s t a t e  and wind s p e e d ,  b u t  e v e n  on A r c t i c  o c e a n s  i s  c o n s i d e r a b l e  
p r o v i d e d  wind s p e e d  i s  s t r o n g  ( W h e e l e r ,  1978).6 
O i l  h a s  a  l i m i t e d  b u t  d e f i n i t e  s o l u b i l i t y  i n  s e a - w a t e r ,  t h e  
l o w e r  m o l e c u l a r  w e i g h t  compounds b e i n g  more  s o l u b l e ,  w i t h  ( i n  
c o n t r a s t  t o  e v a p o r a t i o n )  t h e  a r o m a t i c s  having a  very  h i g h  s o l u b i l i t y  
( W h e e l e r ,  1978) .  Two of t h e  mos t  v o l a t i l e  and t o x i c  h y d r o c a r b o n s ,  
benzene and t o l u e n e ,  a r e  a l s o  t h e  most s o l u b l e  i n  t h e  w a t e r  column, 
b u t  even w i t h  t h e s e  compounds t h e  d i s s o l u t i o n  r a t e  i s  on ly  some 1% 
o f  t h e  e v a p o r a t i o n  r a t e .  I n  p r a c t i c e ,  t h o s e  S l g h t e r  m o P e c u l e s  o f  
g r e a t e s t  t o x i c i t y  a r e  found i n  e l e v a t e d  c o n c e n t r a t i o n  under a  s l i c k  
f o r  t h e  f i r s t  30 minutes  o r  s o  a f t e r  d i s c h a r g e ,  mainly  because  t h e y  
e v a p o r a t e  s o  q u i c k l y .  
I n  f a v o u r a b l e  c o n d i t i o n s  t h e  l i g h t e r  hydrocarbons  a r e  removed 
by e v a p o r a t i o n  and d b s s o l u t i o n  w i t h i n  a  few h o u r s  (Cormack and 
N i c h o l s ,  1 9 7 7 ) ,  s u c h  t h a t  t h e  d a n g e r  o f  a  t o x i c  i n t e r n a l  e f f e c t  o f  
o i l  on mar ine  mammals is g r e a t l y  reduced w i t h i n  hours  of  s p i l l a g e  
( a l t h o u g h  i t s  e x t e r n a l  e f f e c t  r e r n a i n s ) .  C o n s i d e r i n g  t h e  l o w  
c o n c e n t r a t i o n s  o f  o i l  f o u n d  i n  s e a  w a t e r  a f t e r  e x p e r i m e n t a l  
u n d i s p e r s e d  o i l  r e l e a s e s  (Boehm and Q u i n n ,  1974;  Cormack and 
Nichols ,  1977), and t h e  normal ly  s m a l l  amounts of  w a t e r  i n g e s t e d  by 
m a r i n e  mammals,  i t  i s  h i g h l y  u n l i k e l y  t h a t  p o i s o n i n g  c o u l d  o c c u r  
th rough  i n g e s t i o n  of  o i l  i n  w a t e r ,  a l t h o u g h  t h e r e  might  be  e f f e c t s  
on f i s h  and i n v e r t e b r a t e  p rey  s p e c i e s .  It must be remembered though 
t h a t  a  l a r g e  amount  o f  o i l  can  b e  i n g e s t e d  a c c i d e n t a l l y ,  t h r o u g h  
grooming and from e a t i n g  o i l - f o u l e d  prey  such  a s  s e a  b i r d s .  
N a t u r a l  e m u l s i f i c a t i o n  i n v o l v e s  t h e  m i x i n g  o f  s e a  w a t e r  i n t o  
t h e  s l i c k  t h o u g h  wave a c t i o n ,  t o  f o r m  a  w a t e r - i n - o i l  e m u l s i o n  
c o n t a i n i n g  up t o  80% w a t e r  by vobume (Cormack and N i c h o l s ,  1977) ,  
The p r o c e s s  b e g i n s  w i t h i n  h o u r s  o f  t h e  r e l e a s e  o f  t h e  o i l  and t h e  
e x t e n t  i s  dependent  on t h e  a s p h a l t e n e  c o n t e n t  of  t h e  o i l ,  because  it 
is  p r i m a r i l y  t h e s e  molecu les  t h a t  b ind t h e  s e a  water .  If t h e  o i l  h a s  
a  l o w  a s p h a l t i n e  c o n t e n t  ( s u c h  a s  N o r t h  S e a  o i l ) ,  t h e  e m u l s i o n  
f o r m e d  i s  s t i l l  f l u i d  and c o n t i n u e s  t o  s p r e a d ,  e v a p o r a t e  and 
d i s s o l v e .  The main worry w i t h  w a t e r - i n - o i l  emuls ions  i s  t h a t  t h e y  
a r e  r e s i s t a n t  t o  c h e m i c a l  d i s p e r s i o n .  I t  i s  o i l  i n  t h i s  s t a t e  t h a t  
i s  m o s t  o f t e n  i n v o l v e d  i n  c a s e s  of  n a t u r a l  p o l l u t i o n  o f  m a r i n e  
mamma1 h a b i t a t s ,  u n l e s s  it i s  remosed from t h e  environment.  I n  t h e  
c a s e  o f  h e a v i e r ,  h i g h  a s p h a l t e n e  o i l s ,  t h e  e m u l s i o n  f o r m e d  i s  
i r r e s e r s i b l e ,  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  v i s c o u s  m a s s e s  o f  
c o h e r e n t  s e m i s o l i d  l u m p s  r e f e r r e d  t o  a s  l lmoussel l .  Mousse is 
imperv ious  t o  chemica l  d i s p e r s i o n  and h i g h l y  r e s i s t a n t  t o  n a t u r a l  
wea the r ing  and c leanup  t e c h n i q u e s ,  and p e r s i s t s  a s  t a r r y  masses on 
open ocean o r  s h o r e l i n e s  f o r  y e a r s ,  even a s  l o n g  a s  a  decade  on low- 
e n e r g y  A r c t i c  s h o r e l i n e s  (Sendstad ,  1980). 
The s e c o n d  f o r m  of  e m u l s i o n ,  o i l - i n - w a t e r ,  d o e s  n o t  f o r m  
n a t u r a l l y  t o  any e x t e n t .  I t s  f o r m a t i o n  i s  made p o s s i b l e  o n l y  th rough  
t h e  p r o c e s s  o f  d i s p e r s i o n ,  o r  t h e  a p p l i c a t i o n  o f  c h e m i c a l  
l 
s u r f a c t a n t s  o r  d e t e r g e n t s .  S u r f a c t a n t s  reduce  t h e  o i l  i n t o  d r o p l e t s  
of  d i a m e t e r  up t o  200>m (Byford, Laskey and Lewis, 1984) and remove 
i t  f r o m  t h e  s u r f a c e  i n t o  t h e  w a t e r  co lumn ( M c A u l i f f e ,  J o h n s o n ,  
Greene, Canevari  and S e a r l ,  1980). While t h i s  procedure  removes t h e  
o i l  f r o m  t h e  s u r f a c e ,  r e m o v i n g  t h e  t h r e a t  t o  s e a  b i r d s  and s e a l s  
etc.,  t h e  c o n c e n t r a t i o n  i n  t h e  w a t e r  i s  g r e a t l y  i n c r e a s e d  and s o  t o o  
t h e  t h r e a t  t o  f i s h  and i n v e r t e b r a t e s .  However ,  i n  a n  open  o c e a n  
s i t u a t i o n  d i s p e r s a l  of  t h e  e m u l s i f i e d  o i l  by c u r r e n t s  is u s u a l l y  s o  
r a p i d  t h a t  even a  few m e t r e s  from t h e  s u r f a c e  t h e  c o n c e n t r a t i o n  o f  
o i l  i s  low.  The i s s u e  r e l e v a n t  t o  t h i s  r e v i e w  i s  t h a t  c h e m i c a l  
d i s p e r s i o n  of  an o i l - s l i c k  p a r t l y  removes o i l  from t h e  w a t e r  s u r f a c e  
and reduces  t h e  t h r e a t  of  d i r e c t  f o u l i n g  of mar ine  mammals. However, 
chemica l  d i s p e r s a l  of a  n a t u r a l  s l i c k  t h a t  h a s  formed an water - in-  
o i l  e m u l s i o n  i n  a  r o u g h  s e a  and c o l d  o c e a n  may o n l y  d i s p e r s e  some 
20% of t h e  o i l  m a s s  (SFT, 1985) .  
The t o x i c i t y  of  d i s p e r s a n t s  is a n o t h e r  f a c t o r  t o  be c o n s i d e r e d  
i n  t h e  o v e r a l l  e f f e c t s  o f  o i l  on m a r i n e  l i f e .  D i s p e r s a n t s  a r e  
themse lves  b i o l o g i c a l l y  a c t i v e  c h e m i c a l s  t h a t  have a  d e f i n i t e  t o x i c  
e f f e c t  on mar ine  l i f e ,  i n c l u d i n g  s e a  b i r d s ,  f i s h  and phytoplankton 
( L i u ,  1983) .  L a r g e l y  u n t e a t e d  d i s p e r s a n t s  were used  f o r  t h e  f i r s t  
t i m e  d u r i n g  t h e  c l e a n u p  o f  o i l  s p i l l e d  f r o m  t h e  l lTor rey  Canyont1 i n  
t h e  E n g l i s h  C h a n n e l  i n  1 9 6 9 ,  a n d  w e r e  r e s p o n s i b l e  f o r  m o r e  
env i ronmenta l  damage t h a n  t h e  o i l  s p i l l e d .  However t h e  t o x i c i t y  of 
modern  d i s p e r s a n t s  i s  v e r y  l o w ,  i n  t h e  o r d e r  o f  1% o f  t h o s e  u s e d  
d u r i n g  t h e  l lTor rey  Canyonl1 w r e c k i n g  ( B a k e r ,  C r u t h e r s ,  M u l l e t t  and 
W i l s o n ,  1979) .  They c a n  b e  r e g a r d e d  a s  e f f e c t i v e l y  n o n - t o x i c  t o  
h i g h e r  v e r t e b r a t e s ,  c e r t a i n l y  i n  t h e  c a s e  of  mar ine  mammals. Modern 
d i s p e r s a n t s  a l s 0  h a v e  a  h i g h  d e g r e e  o f  b i o d e g r a d a b i l i t y  and t h e i r  
use  probably  does  n o t  c o n t r i b u t e  t o  s i g n i f i c a n t  con tamina t ion  of t h e  
mar ine  envi ronment  (Liu ,  1983). 
A l l  c r u d e  o i l s  i n c r e a s e  i n  s p e c i f i c  g r a v i t y  a s  t h e  l i g h t e r  
c s rnponen t s  e v a p o r a t e  o r  d i s s o l v e .  H e a v i e r  c r u d e  o i l  w i t h  a  h i g h  
a s p h a l t e n e  c o n t e n t  may become d e n s e r  t h a n  s e a  w a t e r  (S.G.= 1.025) 
and s i m p l y  s i n k  t o  t h e  b o t t o m  ( B e r r i d g e  e t  al,,., 1968) ,  b u t  t h i s  i s  
very  u n l i k e l y  t o  happen w i t h  l o w - a s p h a l t i n e  Norwegian o i l s .  Dens i ty  
i n c r e a s e  i s  promoted by a d s o r p t i o n  o f  o i l  t o  heavy p a r t i c l e s  a l r e a d y  
i n  s e a  w a t e r ,  - s u c h  a s  p l a n k t o n  and s u s p e n d e d  s i l t s  and c l a y s  
(Wheeler ,  1978). Even if t h e  o i l  does  n o t  t o t a l l y  s i n k  it may become 
heavy enough t o  l e a v e  t h e  s u r f a c e  d u r i n g  rough wea the r  and a u r f a c e  
a g a i n  d u r i n g  c a l m  w e a t h e r .  Mackay (1985)  r e p o r t s  t h a t  l i g h t  o i l  
masses t end  t o  adopt  a  p o s i t i o n  j u s t  below t h e  w a t e r  s u r f a c e  and a r e  
c o n t i n u a l l y  awash w i t h  w a t e r ,  which may i n c r e a s e  t h e  amount of o i l  
i n g e s t e d  b y ,  f o r  e x a m p l e ,  b a l e e n  whaPes  t h a t  f e e d  j u s t  b e l o w  t h e  
s u r f a c e .  
Sed imenta t ion  does  n o t  degrade  o i l  of  c o u r s e  b u t  s i m p l y  t a k e s  
i t  away from p o t e n t i a l  s u r f a c e  c o n t a c t  w i t h  mar ine  mammals, Once on 
t h e  bottom i t  has  been shown t o  k i l 1  a v a r i e t y  of ben thos  (Moore and 
Dwyer, 1974) and could t h e o r e t i c a l l y  apply  f e e d i n g  s t r e s s  t o  t h o s e  
m a r i n e  mammals t h a t  f e e d  on b o t t o m - d w e l l i n g  s p e c i e s ,  s u c h  a s  t h e  
w a l r u s ,  s e a  o t t e r  and bearded s e a l .  
Oxygen b e g i n s  t o  r e a c t  w i t h  l i q u i d  hydrocarbons,  e s p e c i a l l y  t h e  
more complex molecules  w i t h  s i d e - c h a i n s ,  w i t h i n  hours  o f  s p i l l a g e ,  
when t h e  s l i c k  t h i c k n e s s  h a s  been reduced (Wheeler,  1978). The r a t e  
of o x i d a t i o n  is g r e a t l y  i n c r e a s e d  by s u n l i g h t  (pho to -ox ida t ion) ,  and 
by a  r a n g e  o f  m e t a l  i o n s  a l r e a d y  p r e s e n t  i n  t h e  o i l  t h a t  a c t  a s  
c a t a l y s t s  ( B e r r i d g e  et d., 1968) .  Some o f  t h e  p r o d u c t s  o f  t h i s  
breakdown can be h i g h l y  t o x i c  t o  a n i m a l s  l i f e  b u t  t h e i r  l i f e s p a n  i s  
u s u a l l y  q u i t e  s h o r t ,  Pho t s -ox ida t ion  is  a  s i g n i f i c a n t  f o r c e  i n  t h e  
breakdown of f l o a t i n g  o i l ,  bo th  under  d i r e c t  s u n l i g h t  and o v e r c a s t  
c o n d i t i o n s  (FOH, 1984). However, w h i l e  t h e  pho to -ox ida t ive  r a t e  i s  
f a i r l y  i n d e p e n d e n t  o f  w a t e r  t e m p e r a t u r e ,  i t  i s  o b v i o u s l y  q u i t e  
d e p e n d e n t  on p h o t o p e r i o d ,  and would  n o t  be  s i g n i f i c a n t  i n  t h e  
removal  o f  o i l  from t h e  B a r e n t s  Sea l e a s e  a r e a  from a t  l e a s t  October 
t o  March (FOH, 1984) .  Even i n  t h e  a b s e n c e  o f  e x t e r n a l  f a c t o r s  s u c h  
a s  h e a t  and s u n l i g h t ,  o i l  molecu les  w i l l  combine w i t h  oxygen i n  sea-  
w a t e r ,  a l t h o u g h  a t  a  much s l o w e r  r a t e ,  u n d e r  t h e  p r o c e s s  o f  a u t o -  
o x i d a t i o n .  The main p r o d u c t s  o f  o x i d a t i o n  a r e  a c i d s  which a r e  wa te r -  
s o l u b l e  and q u i c k l y  d i s p e r s e d .  I n  a d d i t i o n  some o f  t h e  p r o d u c t s ,  
p a r t i c u l a r l y  su lphox ides ,  a r e  e f f e c t i v e  s u r f a c t a n t s  t h a t  a i d  i n  t h e  
f u r t h e r  e m u l s i f i c a t i o n  of  t h e  o i l  i n t o  w a t e r  ( W h e e l e r ,  1978).  The 
r a t e  of  o x i d a t i v e  r e a c t i o n  i s  l i m i t e d  f i r s t l y  by t h e  a v a i l a b i l i t y  o f  
d i s s o l v e d  oxygen i n  t h e  c o n t a c t  w a t e r  (400 tonnes  of  s e a  w a t e r  a r e  
n e c e s s a r y  t o  o x i d i z e  o n e  m i l l i l i t r e  o f  o i l )  and s e c o n d l y  by 
t empera tu re .  I n  co ld  n o r t h e r n  w a t e r s  t h e  r a t e  of o x i d a t i o n  compares 
p o o r l y  w i t h  t h e  r a t e  o f  e v a p o r a t i o n ,  e v e n  o f  aged  t a r r y  o i l s  
( B e r r i d g e  e t  a l . ,  1968).  
Numerous b a c t e r i a ,  y e a s t s  and f u n g i  c a n  u t i l i z e  h y d r o c a r b o n s  
a e r o b i c a l l y  b o t h  i n  s e a  and on s h o r e s  ( B e r r i d g e  e t  a l . ,  1 9 6 8 )  and  
u s u a l l y  a t  a  much f a s t e r  r a t e  than  au to -ox ida t ion  (Hægh, 1974). Such 
p e t r o l e u m l y t i c  m i c r o o r g a n i s m s  a r e  m o s t  a b u n d a n t  i n  c h r o n i c a l l y  
p o l l u t e d  w a t e r s  such a s  t h e  North Sea o f f  s o u t h e r n  Norway (Wheeler ,  
1978; FOH, 1984). While e f f e c t i v e  b a c t e r i a l  d e g r a d a t i o n  o f  o i l  i n  a  
c o l d  e n v i r o n m e n t  may t a k e  y e a r s ,  t h e  r a t e  on s o i l  c a n  b e  s l i g h t l y  
a c c e l e r a t e d  by t h e  a d d i t i o n  o f  v a r i o u s  f e r t i l i z e r s  (Sendstad ,  1980) 
and i n  w a t e r  by chemica l  d i s p e r s a l  o f  t h e  o i l  (Wheeler ,  1978). It i s  
n o t e w o r t h y  t h o u g h  t h a t  b e a c h e d  o i l  t o o  i n a c c e s s a b l e  t o  b e  removed 
m e c h a n i c a l l y  w i l l  e v e n t u a l l y  b e  removed f r o m  c o n t a c t  w i t h  m a r i n e  
mammals by  b a c t e r i a l  and p h o t o - o x i d a t i o n ,  e v e n  t h o u g h  t h e  t ime 
involved may be s e v e r a l  decades.  Anaerobic d e g r a d a t i o n  of  o i l  a l s o  
o c c u r s  b u t  a t  a  r a t e  i n s i g n i f i c a n t  compared t o  a e r o b i c  (Hægh, 1974). 
3 .3  O i l  in polar seas 
A d i s c u s s i o n  o f  t h e  a c t i o n s  and  f a t e  o f  o i l  i n  i c e d  o e e a n s  i s  
r e l e v a n t  t o  t h e  B a r e n t s  S e a  s i t u a t i o n ,  f i r s t l y  b e c a u s e  o f  t h e  
s e a s o n a l  p r e s e n c e  o f  s e a  i c e  i n  t h e  B a r e n t s h a v  Syd l e a s e ,  and 
s e c o n d l y  b e c a u s e  of t h e  d e v e l o p m e n t  o f  o i l  e x p l o r a t i o n  i n  t h e  
S v a l b a r d  a r e a  and t h e  f u t u r e  p o s s i b i l i t y  o f  a c c i d e n t  t h e r e .  
The p h y s i c a l  e f f e c t s  of  a  l a r g e  h y p o t h e t i c a l  o i l  s p i l l  i n  
a r c t i c  pack i c e  have been d i s c u s s e d  by Campbell and Mar t in  (1973), 
A y e r s ,  J a h n s  and G l a e s e r  ( 1 9 7 4 )  and M a r t i n  and C a m p b e l l  (1974).  
While t h e  more p r e c i s e  d e t a i l s  of  t h e  s p i l l  a r e  argued abou t ,  it is  
agreed t h a t  movement of i c e  f l o e s  by wind and c u r r e n t  c o n c e n t r a t e s  
o i l  i n  l e a d s  and p o l y n e a s  t o  a mean t h i c k n e s s  o f  b e t w e e n  o n e  
c e n t i m e t r e  and one m i l l i m e t r e  ( f o r  low windspeeds).  O i l  s p l a s h e d  up 
on to  t h e  i c e  s u r f a c e  fo rms  a  snow-in-oil  s l u d g e  c o n t a i n i n g  up t o  90% 
w a t e r ,  t h a t  i s  r e s i s t a n t  t o  b u r n i n g  and  c h e m i c a l  d i s p e r s i o n .  I n  
a d d i t i o n  a  s i g n i f i e a n t  downward c u r r e n t  i s  g e n e r a t e d  b y  f l o e  
movernent t h a t  d i s t r i b u t e s  o i l  ove r  t h e  u n d e r s i d e  o f  t h e  i c e ,  where 
it i s  t r a p p e d  i n  a  l a y e r  0.25 t o  1.3cm t h i c k  by t h e  i r r e g u l a r i t i e s  
o f  t h e  i c e  s u r f a c e ,  and i n c o r p o r a t e d  i n t o  t h e  i c e  d u r i n g  l a t e r  
f r e e z i n g ,  There was d isagreernent  between t h e  two g roups  o f  a u t h o r s  
eoncornång t h e  o v e r a l l  a r e a  a f f e c t e d  by a  ~f tyypica lu  s p i l l a g e ,  Taking 
t h e  m o s t  o p t i m i s t i c  s c e n a r i o ,  a  s p i l l a g e  o f  t w o  m i l l i o n  b a r r e l s  
(320,000m2,  280 ,000  t o n n e s )  would  c o a t  a n  a r e a  o f  pack  i c e  of  
240km2, a l l o w i n g  f o r  25% r a p i d  e v a p o r a t i o n .  T h i s  amount  of  o i l  
a p p r o x i m a t e s  t h a t  w h i c h  would  b e  p r o d u c e d  f r o m  an  u n c o n t r o l l e d  
blowout of  an e x i s t i n g  w e l l  i n  t h e  Haltenbanken f i e l d  (2,400 t o n n e s  
p e r  d a y  l a s t i n g  18  d a y s  ( S F T ,  198511, s o  t h e  s c e n a r i o  i s  e a s i l y  
p o s s i b l e .  
I n  a  s p i l l a g e  o f  o i l  under  i c e  l a t e  i n  mid-summer, t h e  b u l k  o f  
t h e  o i l  s h o u l d  a p p e a r  q u i c k l y  on t h e  i c e  s u r f a c e  d u e  t o  t h e  p o r o u s  
. n a t u r e  o f  b o t h  f i r s t - y e a r  and m u l t i - y e a r  i c e  ( B u i s t ,  P o t t e r  and 
D i c k i n s ,  1983) ,  F o r  s p i l l a g e s  a t  o t h e r  t i m e s  o f  t h e  y e a r ,  t h e  o i l  
would  b e  t r a p p e d .  B u i s t  e t  a l .  ( 1 9 8 3 )  d e s c r i b e d  how a s k i n  o f  new 
i c e  s e v e r a l  m i l l i m e t r e s  t h i c k  coa ted  o i l  d e p o s i t s  w i t h i n  48 hours ,  
w h i c h  would  e f f e c t i v e l y  p r e v e n t  a n y  weather ing .  During subsequen t  
summers t h i s  e s s e n t i a l l y  new o i l  l e a c h e s  upwards a long f a u l t s  and 
s a l t  p o c k e t s  t o  t h e  f l o e  s u r f a c e ,  where it fo rms  i n t o  p o o l s  o f  o v e r t  
o i l  t h a t  can be  b u r n t  s u c c e s s f u l l y  of  o t h e r w i s e  recovered.  There  was 
a  d i f f e r e n c e  i n  t h e  removal  r a t e  from f i r s t - y e a r  and m u l t i - y e a r  i c e ,  
however .  Due t o  t h e  g r e a t e r  i c e  t h i c k n e s s  t h e r e  may b e  e x p e c t e d  a  
l o n g e r  removal  time f o r  mul t i -yea r  i c e  (Comfort ,  Roots, Chabot and 
Abbot, 1983), w i t h  e f f e c t i v e  removal  w i t h i n  f i v e  melt seasons.  
I n  a  s l i g h t l y  d i f f e r e n t  s i t u a t i o n ,  Schu lze  (1985) i n v e s t i g a t e d  
t h e  b e h a v o u r  of o i l  s p i l l e d  i n t o  a n  a r e a  o f  b r o k e n  o r  p a n c a k e  i c e .  
I n  t h i s  s i t u a t i o n ,  where t h e r e  was no e s t a b l i s h e d  l e a d  p a t t e r n  and 
t h e  i c e  was t h i n ,  ove r  h a l f  o f  t h e  o i l  s p i l l e d  was "pumped" o n t o  t h e  
s u r f a c e  o f  t h e  i c e  by f l o e  movement t o  an ave rage  d e p t h  of  some f i v e  
m i l l i m e t r e s  ( a l t h o u g h  l o c a l  t h i c k n e s s  c o u l d  b e  c o n s i d e r a b l y  
g r e a t e r ) .  The remainder  was h e l d  i n  t h i c k  clumps between t h e  f l o e s ,  
and i n  a  t h i n n e r  l a y e r  on t h e  f l o e  bottom. The f i r s t  d i f f e r e n c e  then  
between o i l  s p i l l e d  i n  open ocean and amongst i c e  i s  t h a t  t h e  s l i c k  
fo rmed  i s  much t h i c k e r ,  up t o  o n e  c e n t i m e t r e .  A p a r t  f r o m  t h e  
accumula t ion  o f  o i l  i n  l e a d s ,  t h e  appearance  of  t h e  o i l  i s  s e a s o n a l ,  
and mammals would  b e  e x p o s e d  t o  s i g n i f i c a n t  q u a n t i t i e s  i n  t h e  
summer, which cor responds  i n  i c e  s e a l s  t o  t h e  moul t ing  season. Even 
a f t e r  a  s i n g l e  s p i l l ,  t h e r e  c o u l d  b e  e x p e c t e d  a  s e a s o n a l  
p r e s e n t a t i o n  of o i l  f o r  s e v e r a l  y e a r s ,  due  t o  s e a s o n a l  f r e e z i n g  and 
r e l e a s e  o f  pocke t s  o f  e m u l s i f i e d  o i l .  
There a r e  i n ' a d d i t i o n  d l f f e r e n c e s  i n  t h e  wea the r ing  of  t h e  o i l .  
I n  l e a d s  and on o t h e r  a r e a s  of open  w a t e r ,  w e a t h e r i n g  i s  much a s  
d e s c r i b e d  f o r  open  s e a ,  w i t h  t h e  e x c e p t i o n  t h a t  t h e  r a t e  i s  v e r y  
much s l o w e r .  A t l a s ,  H o r o w i t z  and Busdosh  (1978)  f o u n d  t h a t  25% o f  
o i l  s p i l l e d  i n t o  a  l e a d  d u r i n g  summer was  l o s t  i n  t w o  m o n t h s  f r o m  
e v a p o r a t i o n  ( c o m p a r e d  w i t h  h o u r s  i n  w a r m e r  s e a s ) ,  t h i s  amount  
compr i s ing  mainly  l i g h t e r  f r a c t i o n s .  T h e r e a f t e r  on ly  minor changes  
i n  compos i t ion  occurred .  However, t h e  d e n s i t y  of  o i l  amongst i c e  can 
e v e n t u a l l y  become g r e a t  enough  f o r  i t  t o  s i n k  ( J u s z k o ,  Green and 
F i n g a s ,  1983) .  T h i s  i s  b e c a u s e  t h e  s u r f a c e  w a t e r  l a y e r s  o f  i c e  
o c e a n s ,  c a n ,  t h r o u g h  m e l t i n g ,  become q u i t e  f r e s h  w i t h  a  d e n s i t y  
approaching 1.000 g/ml  ( i n  c o n t r a s t  t o  normal s a l t - w a t e r  of  1.025- 
1.027 g / m l ) .  ~ e a t h e b e d  o i l  c a n  e x c e e d  t h i s  d e n s i t y  and s i n k ,  b u t  
b e f o r e  long  it w i l l  meet a  much s a l t i e r  l a y e r  below which i t  canno t  
p r o g r e s s ,  and w i l l  s i t  t h e r e .  
A t l a s  et al.  ( 1 9 7 8 )  a l s o  i n v e s t i g a t e d  o t h e r  a s p e c t s  o f  
wea the r ing  i n  i c e .  Q i l - d e g r a d i n g  m i c r o o r g a n i s m s  were f o u n d  i n  t h e  
w a t e r ,  and w h i l e  t h e i r  numbers i n c r e a s e d  g r e a t l y  a f t e r  exposure  t o  
o i l ,  t h e  i n f l u e n c e  o f  b i o t i c  d e g r a d a t i o n  was minimal  due  t o  t h e  low 
tempera tu re .  I n  c o n t r a s t ,  o i l  s p i l l e d  on i c e  showed o n l y  a  5% weigh t  
l o s s  d u r i n g  n i n e  m o n t h s  o f  e x p o s u r e  o v e r  w i n t e r ,  a n d  n o  
b i o d e g r a d a t i o n  a t  a l l .  O i l  s p i l l e d  under  i c e  showed a  ve ry  g r a d u a l  
d i s a p p e a r a n c e  o f  l i g h t e r  f r a c t i o n s  d u e  t o  d i s s o l u t i o n ,  b u t  
s i g n i f i c a n t  q u a n t i t i e s  r e m a i n e d  a f t e r  t h r e e  months .  Pf  a n e  
c o n s i d e r s  t h a t  t h e  t o x i c  p r o p e r t i e s  o f  o i l  r e s i d e  i n  t h e  l i g h t e r  
ends ,  t h e n  o i l  t r a p p e d  on, under and i n  i c e  r e t a i n s  i t s  t o x i c i t y  f o r  
long  pe r  i o d s .  
Thus ,  i n  c o n t r a s t  t o  t h e  r a p i d  w e a t h e r i n g  t o  t a r  o f  c r u d e  o i l  
s p i l l e d  In  t h e  open ocean,  o i l  s p i l l e d  amongst i ce  may be expected  
t o  wea the r  r e l a t i v e l y  s l o w l y ,  r e t a i n  l i g h t  components and t h e r f o r e  
t o x i c i t y ,  fo rm t h i c k  l a y e r s  i n  l e a d s  and p o l y n e a s ,  and p e r s i s t  
s e a s o n a l l y  on t h e  i c e  s u r f a c e  p e r h a p s  f o r  s e v e r a l  y e a r s .  We c a n  
t h e r e f o r e  assume t h a t  i c e - a s s o c i a t e d  mar ine  mammals - w a l r u s ,  p o l a r  
b e a r  and r inged ,  bearded,  h a r p  and hooded s e a l s  - which u s e  l e a d s  t o  
hau1 o u t  o r  hun t ,  can be h e a v i l y  a f f e c t e d  by s p i l l e d  o i l  f o r  a  long  
t i m e  a f t e r  t h e  s p i l l .  What r emains  i s  t o  a s s e s s  whether  such o i l  h a s  
d e t r i m e n t a l  e f f e c t s  on t h e s e  animals .  
3.4 O i l  in Barents Sea 
The s o u t h e r n  B a r e n t s  S e a  i n  t h e  a r e a  o f  t h e  p r o p o s e d  o i l  
p r o s p e c t i n g  l e a s e s  i s  n o t  an  e s p e c i a l l y  c o l d  ocean .  The a n n u a 1  
t e m p e r a t u r e  p r o f i l e s  o f  t h e  a r e a  do  n o t  d i f f e r  a l l  t h a t  much f r o m  
a l r e a d y  o p e r a t i n g  o i l - p r o d u c  t i o n  f i e l d s  o f f  t h e  l o w e r  w e s t  c o a s t ,  
e s p e c i a l l y  w i  t h  r e s p e c t  t o  w i n t e r  t e m p e r a t u r e  ( Midt tun,  1975). The 
warm T r a n s a t l a n t i c  c u r r e n t ,  which f o l l o w s  t h e  c o a s t  nor thward,  keeps  
t h e  l e a s e  a r e a s  i c e  f r e e  f o r  t h e  e n t i r e  y e a r  w i t h  t h e  e x c e p t i o n  o f  
t h e  nor the rnmos t  zone i n  March and A p r i l  (Anon, 1946; V i n j e ,  1980). 
I n  e s s e n c e ,  t h e r e  a p p e a r s  t o  be l i t t l e  d i f f e r e n c e  between t h e  
b e h a v i o u r  of  o i l  i n  a  t e m p e r a t e  and a  p o l a r  s e a .  A f t e r  s p i l l a g e ,  
e v a p o r a t i o n  b e g i n s  t h e  w e a t h e r i n g  p r o c e s s .  A c c o r d i n g  t o  W h e e l e r  
( 1 9 7 8 ) ,  t h e  ma in  f a c t o r  g o v e r n i n g  r a t e  of  e v a p o r a t i o n  i s  wind and 
s e a  s t a t e ,  r a t h e r  t h a n  t e m p e r a t u r e ,  s o  t h a t  we c a n  e x p e c t  
e v a p o r a t i o n  o f  c r u d e  o i l  i n  t h e  B a r e n t s  S e a  t o  p r o c e e d  r e l a t i v e l y  
r a p i d l y .  I n  moderate s e a s ,  t h e  l i g h t e s t  components can be expected  
t o  b e  removed i n  a  few h o u r s  ( C l a r k  and MacLeod, 1977).  The same  
reason ing  should  a p p l y  t o  e m u l s i f i c a t i o n ,  f o r  it is  wave a c t i o n  t h a t  
mixes w a t e r  i n t o  t h e  o i l .  D i s s o l u t i o n  c a n  b e  e x p e c t e d  t o  b e  l e s s  
v igorous ,  b u t  t h i s  is  a  minor wea the r ing  p rocedure  f o r  l i g h t  c r u d e  
o i l  c o m p a r e d  t o  e v a p o r a t i o n .  T h e  o t h e r  p h y s i c a l  p r o c e s s e s ,  
s e d i m e n t a t i o n  and a d s o r p t i o n ,  e x e r t  a n  a c t i o n  e v e n  i n  w a r m e r  s e a s  
o v e r  a  p e r i o d  of  w e e k s  r a t h e r  t h a n  d a y s ,  and i n  t h e  B a r e n t s  S e a  
would  p r o b a b l y  work o v e r  a  s i m i l a r  t i m e  span .  I n  summer ,  p h o t o -  
o x i d a t i o n  would have a  c o n s i d e r a b l e  e f f e c t  on f l o a t i n g  o i l  because  
o f  t h e  l o n g  p h o t o p e r i o d ,  e v e n  a t  l o w  o c e a n  t e m p e r a t u r e ,  b u t  i n  
a u t u m n ,  w i n t e r  and s p r i n g  t h e  e f f e c t  would  b e  much l e s s .  Auto- 
o x i d a t i o n  could  be  expec ted  t o  be  minor a t  a l l  times of t h e  year .  
Perhaps  t h e  most n o t i c e a b l e  d i f f e r e n c e  i n  t h e  behaviour  o f  o i l  
i n  a  c o l d  m a r i n e  e n v i r o n m e n t  would  b e  i n  i t s  p e r s i s t e n c e  a f t e r  
s t r a n d i n g  on c o a s t l i n e s ,  p a r t i c u l a r l y  on s l o p i n g ,  l o w - e n e r g y  
beaches. The Finnmark c o a s t  h a s  t h e  advantage  t h a t  t h e  su r round ing  
ocean i s  c o n t i n u a l l y  i c e - f r e e  and beaches  a r e  g e n e r a l l y . h i g h - e n e r g y  
(wave  a c t i o n  i s  a v a i l a b l e  t o  d e g r a d e  any  o i l  m a s s ) ,  R e s u l t s  
a p p l i c a b l e  t o  t h e  F i n n m a r k  c o a s t  a r e  a v a i l a b l e  f rom t h e  B a f f i n  
I s l a n d  O i l s p i l l  (BIOS) programme, a  Canadian e x p e r i m e n t a l  r e s e a r c h  
p r o j e c t  i n t o  t h e  e f f e c t s  o f  o i l  on A r c t i c  s h o r e l i n e s .  R e s u l t s  from 
t h i s  s t u d y  i n d i c a t e  t h a t  on open beaches  n a t u r a l  removal  o f  o i l  i s  
r a p i d  (Owens, Robson,  F o g e t  and H a r p e r ,  19831,  w i t h  o f t e n  10% o r  
less o f  t h e  o r i g i n a l  o i l  l o a d i n g  resnaining a f t e r  one year. R e s u l t s  
f o r  c o l d ,  low-energy beaches ,  f o r  example around Sva lba rd ,  o r  i n  t h e  
c a s e  o f  o i l  t h r o w n  up o u t  o f  t h e  r e a c h  o f  s u b s e q u e n t  wave a c t i o n ,  
show t h a t  p e r s i s t e n c e  i s  much g r e a t e r .  V i s i b l e  o i l  can be  expected  
t o  l a s t  f o r  a t  l e a s t  one and up t o  s e v e r a l  decades ,  w i t h  l i t t l e  l o s s  
o f  vo lume  (Owens, 1978) .  The r a t e  o f  m i c r o b i a l  d e g r a d a t i o n  i n  t h e  
A r c t i c  i s  v e r y  s l o w  ( S e n d s t a d ,  1 9 8 0 ) ,  and  f e r t i l i z a t i o n  o f  o i l  i n  
t h e  hope o f  i n c r e a s i n g  t h e  r a t e  o f  m i c r o b i a l  b reakdown h a s  n o t  
p r o v e n  v e r y  s u c c e s s f u l  ( S e n d s t a d ,  Sveum, E n d a l ,  B r a t t b a k  and 
Ronning, 1984). Th i s  i n t r o d u c e s  t h e  p o t e n t i a l  f o r  y e a r l y  r e f o u l i n g  
of  mar ine  mammals from a  s i n g l e  o i l - s p i l l .  
A u s e f u l  c a s e  f o r  t h e  p r e d i c t i o n  o f  h ~ w  o i l  might  behave dur ing  
a  s p i l l  i n  n o r t h e r n  Norway i s  t h a t  o f  t h e  t a n k e r  "Arrowl', w h i c h  
s p i l l e d  some 40,000 b a r r e l s  (600,000 l i t res ;  500 tonnes )  of  Bunker C 
f u e l  o i l  i n t o  C h e d a b u e t o  Bay, Nova S c o t i a ,  i n  F e b r u a r y ,  1970 
(Thomas,  1973)-  The w a t e r  t e m p e r a t u r e  was  a b o u t  - 1 " ~  and i c e  was 
p r e s e n t  a t  s h e l t e r e d  l o c a t i o n s ,  Heavy f u e l  o i l  d i s p e r s e s  ve ry  s l o w l y  . 
a t  t h i s  low t e m p e r a t u r e ,  and i n i t i a l l y  s h o r e s  and t i d a l  p o o l s  became 
h e a v i l y  c o v e r e d  w i t h  o i l .  Over t h e  few months  f o l l o w i n g  t h e  
g r o u n d i n g ,  w i d e r  a r e a s  became  h e a v i l y  c o a t e d  w i t h  o i l ,  and a r e a s  
p r e v i o u s l y  o i l e d  and c leaned  became re -o i l ed .  Lagoons a c t e d  a s  o i l  
t r a p s  and became  more  h e a v i l y  f o u l e d  t h a n  o r d i n a r y  s h o r e s  w i t h  
c o v e r i n g s  o f  o i l  commonly s e v e r a l  c e n t i m e t r e s  t h i c k ,  and o n c e  t o  
30cm t h i c k ,  be ing  repor ted .  These a r e a s ,  where wave and i c e  a c t i o n  
was l o w ,  a c t e d  a s  r e s e r v o i r s  f o r  t h e  r e - f o u l i n g  o f  t h e  r e s t  o f  t h e  
c o a s t  i n  l a t e r  years .  Al though  t h e  s t r a n d e d  o i l  weathered t o  form a 
firm s u r f a c e ,  t h i s  p r o e e s s  i n v o l v e d  o n l y  a  t h i n  s k i n ,  and d u r i n g  
warmer t e m p e r a t u r e s  t h e  r e l a t i v e l y  f r e s h  o i l  under t h e  s k i n  s o f t e n e d  
and began  t o  move. A f t e r  s e v e r a l  y e a r s ,  r e - o i l i n g  was  s t i l l  
o c c u r r i n g  i n  t h e  bay  d u r i n g  summer. I n  more  e x p o s e d  a r e a s  w h e r e  
c o n t a m i n a t i o n  was more  e v e n ,  t h e  o i l  f o r m e d  t h i n n e r  l a y e r s  and 
w e a t h e r e d  t o  a  s t a b l e  s u r f a c e .  Under wave a c t i o n  o i l  d i s a p p e a r e d  
f a i r l y  q u i c k l y  ( w i t h i n  a  y e a r )  f rom r o c k y  s h o r e s .  The s p e c i a l  
f e a t u r e  unique  t o  t h e  co ld  envi ronment  was t h e  c h r o n i c  a s p e c t  t o  t h e  
p o l l u t i o n  caused by s e a s o n a l  ha rden ing  and s o f t e n i n g  o f  t h e  o i l .  
There  was t o t a l  d e a t h  of i n v e r t e b r a t e  s p e c i e s  i n  h e a v i l y  f o u l e d  
a r e a s ,  e i t h e r  from smother ing  o r  t o x i c i t y .  Bottom-dwell ing s p e c i e s ,  
s u c h  a s  c l a m s ,  w e r e  b a d l y  a f f e c t e d  and were c o n t i n u i n g  t o  d i e  t w o  
y e a r s  a f t e r  t h e  s p i l l .  T h i s  i n t r o d u c e s  s p e c i a l  c o n c e r n  f o r  t h e  
p o s s i b l e  c o n s e q u e n c e  t o  t h e  b e a r d e d  s e a 1  and w a l r u s ,  t h a t  f e e d  on 
t h e s e  s p e c i e s .  
The d i r e c t  e f f e c t  o f  t h e  C h e d a b u c t o  Bay s p i l l  on l o c a l  s e a 1  
p o p u l a t i o n s  i s  d e s c r i b e d  i n  a  v e r y  i n c o m p l e t e  r e p o r t  (Anon, 1970). 
N o r m a l l y  i n  t h e  bay t h e r e  l i v e d  a  g r o u p  o f  s e v e r a l  t h o u s a n d  " g r e y  
h a r b o u r "  s e a l s ,  p r e s u m a b l y  g r e y  s e a l s .  A f t e r  t h e  s p i l l  o n l y  a b o u t  
500 w e r e  s e e n ,  of  w h i c h  1 3  were dead .  The o t h e r s  c o u l d  h a v e  b e e n  
f o r c e d  a w a y  b y  t h e  o i l ,  b u t  a l s o  b y  t h e  u n u s u a l l y  h e a v y  
c o n c e n t r a t i o n  o f  b o a t s ,  a i r c r a f t  and clean-up personnel .  Most of  t h e  
s e a l s  w e r e  l i g h t l y  o i l e d ,  b u t  o n l y  some 5% w e r e  f o u n d  dead .  The 
r e p o r t  c l a i m s  t h a t  t h e  main e f f e c t  o f  t h e  o i l  was a c o a t i n g  o f  v i t a l  
o r i f i c e s ,  c a u s i n g  d e a t h  f r o m  s u f f o c a t i o n  r a t h e r  t h a n  i n t e r n a l  
t o x i c i t y ,  and o c c a s i o n a l l y  f r c o n s i d e r a b l e  p a i n  and s u f f e r i n g n .  The 
r e p o r t  does  n o t  a d d r e s s  t h e  q u e s t i o n  whether  t h e  o r i f i c e s  cou ld  have  
become f o u l e d  a f t e r  d e a t h ,  and c a u t i o n  s h o u l d  b e  e x e r c i s e d  i n  
a c c e p t i n g  t h e  r e s u l t s  o u t r i g h t .  
A more  r e c e n t  r e p o r t  o f  Bunker  C f o u l i n g  o f  s e a l s  i n  c o l d e r  
w a t e r s  c o n c e r n s  t h e  w r e c k i n g  of  t h e  t a n k e r  " K u r d i s t a n u  i n  C a b o t  
S t r a i t ,  Canada. E i g h t  t h o u s a n d  t o n n e s  o f  Bunker  C f u e l  o i l  was  
s p i l l e d ,  some mixing w i t h  pack i c e  o f f  t h e  c o a s t  of Cape Breton,  and 
t h e  r emainder  f o u l i n g  open water .  An i n i t i a l  r e p o r t  (Pa r sons ,  Spry 
and A u s t i n ,  1980)  i n d i c a t e d  t h a t  b o t h  common and g r e y  s e a l s  w e r e  
a f f e c t e d  by t h e  o i l  and s u g g e s t s  t h a t  some s e a l s  were k i l l e d  by o i l .  
However ,  t h e  i n i t i a l  n a t u s e  of  t h e  r e p o r t  d o e s  n o t  a l l o w  many 
c o n c l u s i o n s  t o  b e  d rawn,  The p i c t u r e  s e e m s  t o  b e  s i m i l a r  t o  o t h e r  
c a s e s  o f  f o u l i n g  w i t h  h e a v y  o i l  (Anon, 1970;  D a v i s  and A n d e r s o n ,  
1976)- no i n d i c a t i o n  o f  i m m e d i a t e  d i r e c t  t o x i c i t y ,  b u t  a  l o w  
percen tage  of a n i m a l s  k i l l e d  pe rhaps  due t o  p h y s i c a l  encumberance. 
None o f  t h e  r e p o r t s  p r o v i d e  i n f o r m a t i o n  on p o s s i b l e  s k i n  o r  body 
t e m p e r a t u r e  problem$. T h i s  i s  u n f o r t u n a t e  because  i t  may o n l y  b e  i n  
t h e s e  c o l d e r  a r e a s  t h a t  such problems become s i g n i f i c a n t .  
4, SOURCES OF OIL POLLUTION I N  THE SEA 
4.1 Present sources o f  s p i l l a g e  
R e l e v a n t  i n f o r m a t i o n  on t h e  p r e s e n t  s i t u a t i o n  r e g a r d i n g  o i l  
p o l l u t i o n  i n  Norwegian  w a t e r s  h a s  b e e n  s u p p l i e d  by t h e  Norwegian  
S t a t e  P o l l u t i o n  c o n t r o l  ( S t a t e n s  F o r u r e n s n i n g s t i l s y n ,  SFT). We a r e  
p a r t i c u l a r l y  g r a t e f u l  t o  (Mr.) G e i r  J g r g e n s e n  f o r  h i s  a s s i s t a n c e .  
A l l  m a t e r i a l  r e c e i v e d  h e r e  was provided by SFT u n l e s s  s p e c i f i c a l l y  
achnowledged. 
O i l  p o l l u t i o n  o f  t h e  s e a  and i t s  l i f e  o c c u r s  a f t e r  s h i p p i n g  
a c c i d e n t s ,  d e l i b e r a t e  r e l e a s e  o f  o i l s  f r o m  s h i p s ,  dumping o f  o i l -  
c o n t a i n i n g  w a s t e  d u r i n g  e x p l o r a t o r y  o i l - d r i l l i n g  a c t i v i t i e s ,  o i l  
p l a t f o r m  mishaps ,  normal o i l - p r o d u c t i o n  o p e r a t i o n s  and a c c i d e n t s  on 
land t h a t  u l t i m a t e l y  s p i l l  o i l  i n t o  t h e  sea.  A s m a l l e r  cause ,  b u t  an 
i m p o r t a n t  one i n  some l o c a l i t i e s ,  i s  l e a k a g e  from wrecks. O f  t h e  o i l  
t h a t  p o l l u t e s  t h e  w o r l d ' s  o c e a n s  t o d a y ,  one  h a l f  comes  f r o m  
s p i l l a g e s  on l a n d ,  a l i t t l e  u n d e r  a  h a l f  f r o m  s h i p p i n g  and j u s t  2% 
from o i l  e x t r a c t i o n  a c t i v i t i e s .  I n  l o c a l  a r e a s  of  a c t i v e  p r o d u c t i o n  
such a s  t h e  Norwegian c o n t i n e n t a l  s h e l f ,  however, t h e  c o n t r i b u t i o n  
f rom o i l  a c t i v i t y  i s  much h i g h e r .  To t h e  p r e s e n t  m o s t  o f  t h e  o i l  
r e l e a s e s  i n  Norwegian  w a t e r s  h a v e  b e e n  u n d e r  1 0  t o n n e s  and  h a v e  
o c c u r r e d  c l o s e  i n s h o r e  i n  t h e  a r e a s  S Ø r - V e s t l a n d e t ,  O s l o f j o r d  and 
around Mongstad. F u r t h e r ,  most r e l e a s e s ,  bo th  on l and  and s e a ,  occur  
i n  and n e a r  harbours .  
4.1.1 Pol lut ion from ships 
The m a j o r i t y  o f  o i l  s p i l l a g e s  a r o u n d  Norway ( a b o u t  T O % ) ,  
o r i g i n a t e  f r o m  s h i p s .  I n  r e s p e c t  t o  o i l  p o l l u t i o n ,  t h e  F i n n m a r k  
c o a s t l i n e  i s  p r e s e n t l y  t h e  c l e a n e s t  i n  Norway, and f u t u r e  p o l l u t i o n  
developments  depend on t h e  degree  t o  which g e n e r a l  s h i p p i n g  a c t i v i t y  
w i l l  i n c r e a s e  i n  connec t ion  w i t h  o i l  e x p l o r a t i o n  and product ion .  
The e s t i m a t e d  amount  o f  o i l  r e l e a s e d  i n t o  t h e  N o r t h  S e a  
a n n u a l l y  is  abou t  1,200,000 t o n n e s ,  of  which 400,000-500,000 t o n n e s  
i s  c o n s i d e r e d  t o  come f r o m  s h i p p i n g .  N i n e t y  p e r c e n t  o f  t h i s  is  
r e l e a s e d  d u s i n g  n o r m a l  s h i p s l  o p e r a t i o n s  a n d  o n l y  1 0 %  f r o m  
a c c i d e n t a l  s p i l l .  O f  t h e  o i l - s l i c k s  r e p o r t e d  o f f  t h e  Norwegian  
c o a s t ,  7 0 " R e s u l t  from t h e  i l l e g a l  r e l e a s e  of  o i l  ( c a r g o  s h i p s  must  
b e  1 2  n a u t i c a l  m i l e s  f rom l a n d ,  and t a n k e r s  50  n a u t i c a l  mi les ,  
b e f o r e  dumping can occur) .  Two t h i r d s  of t h e  o i l  s l i c k s  r e p o r t e d  a r e  
seen w i t h i n  f o u r  n a u t i c a l  m i l e s  of t h e  c o a s t ,  and a h i g h  p e r c e n t a g e  
of  t h e s e  must e v e n t u a l l y  s t r a n d .  A f u r t h e r  1 1 %  a r e  seen  between f o u r  
and 50 n a u t i c a l  m i l e s  o u t .  One h a p p i e r  n o t e  i s  t h a t  t h e  number o f  
o i l  s l i c k s  r e p o r t e d  o f f  t h e  c o a s t  t h a t  o r i g i n a t e  from s h i p p i n g  h a s  
d e c r e a s e d  o v e r  t h e  l a s t  f i v e  y e a r s ,  f rom some 90 p e r  y e a r  "c sabu 'e  
60 p e r  y e a r ,  w h i l e  t h e  l e v e l  of s h i p p i n g  a c t i v i t y  h a s  r e m a i n e d  
f a i r l y  even over  t h e  same per iod .  Concerning a c c i d e n t a l  r e l e a s e ,  t h e  
g r e a t  m a j o r i t y  o c c u r  i n  h a r b o u r s  o r  v e r y  c l o s e  t o  t h e  c o a s t l i n e ,  
w i t h  a  h i g h  l i k e l i h o o d  of p o l l u t i o n  o f  c o a s t ,  A c c i d e n t s  u s u a l l y  
occur  d u r i n g  bad wea the r  and o i l  i s  consequen t ly  thrown h igh  up o n t o  
b e a c h e s  w h e r e  i t  i s  o u t  of r e a c h  o f  t h e  c l e a n i n g  e f f e c t  o f  f u t u r e  
wave a c t i o n .  
An overview of  t h e  main o i l s p i l l s  from s h i p s  t h a t  have caused 
s h o r e  contamina t i o n  was p r e s e n t e d  b y  Klokk, Dan ie l sen  and Sendstad  
(1985) .  I n  t h e  l a s t  d e c a d e  t h e r e  h a v e  b e e n  o n l y  t w o  s p i l l a g e s  i n  
e x c e s s  o f  1,000 t o n n e s  - t h e  s i n k i n g  o f  t h e  t a n k e r  "Drupas" i n  19'56 
o f f  Tananger, and t h e  s i n k i n g  o f  t h e  o r e - c a r r i e r  "DeifovosW o f f  t h e  
Helgeland c o a s t  i n  1980. 
4.1.2 Pollutaon from sil platforms 
On a  w o r l d  w i d e  b a s i s ,  a b o u t  0.1% of a l l  e x t r a c t e d  o i l  i s  
s p i l l e d  d u r i n g  recovery ,  t r a n s f e r  t o  t a n k e r s ,  t r a n s p o r t ,  s t o r a g e  and 
r e f i n e m e n t ,  a s  p a r t  o f  tgnormal f f  o p e r a t i o n s ,  m o s t  o f  t h i s  i n t o  t h e  
sea  (MacNiel l ,  1984). If t h i s  f i g u r e  i s  r e a l i s t i c  f o r  t h e  North Sea ,  
t h i s  a m o u n t s  t o  some 2 5 , 0 0 0  t o n n e s  p e r  y e a r  f r o m  Norwegian  f i e l d s  
a l o n e  ( a s s u m i n g  p r e s e n t  a n n u a 1  o i l  p r o d u c t i o n  t o  b e  2 5  m i l l i o n  
t o n n e s ) .  T h i s  o i l  comes  f r o m  s e v e r a l  s o u r c e s .  F i r s t l y ,  s m a l l  
s p i l l a g e s  o f  up t o  t e n  c u b i c  m e t r e s  u s u a l l y  occur  a t  l e a s t  once from 
each p roduc t ion  p l a t f o r m  each week of  o p e r a t i o n .  Secondly ,  t h e  o i l  
c o l l e c t e d  and s t o r e d  i n  t a n k s  on t h e  p l a t f o r m s  c o n t a i n s  some s e a -  
water .  Some o i l  i s  l o s t  w i t h  t h e  r e l e a s e  of  t h i s  w a t e r  back i n t o  t h e  
s e a .  T h i r d l y ,  o i l  ( a n d  v a r i o u s  c h e m i c a l s )  i s  a l s o  s p i l l e d  d u r i n g  
p rocess ing  of  produced o i l  and gas. The e s t i m a t e d  arnount of  o i l  l o s t  
t o  t h e  s e a  d u r i n g  1982 from t h e  two l a t t e r  f a e t s r s  was 1165 tonnes.  
F i n a l l y ,  up t o  s e v e r a l  c u b i c  m e t r e s  o f  o i l  i s  s p i l l e d  e a c h  t ime a  
t a n k e r  c o u p l e s  and d e - c o u p l e s  f r o m  a  f l o a t i n g  l o a d i n g - b u o y .  A t  
p r e s e n t  m o s t  o f  t h e s e  s p i l l a g e s  come  f r o m  t h e  S t a t f j o r d  
i n s t a l l a t i o n s  and t h e  c o a s t l i n e s  m o s t  s e v e r e l y  a f f e c t e d  by o i l  
p r o d u c t i o n  a c t i v i t y  and f a c e d  w i t h  t h e  g r e a t e s t  t h r e a t ,  a r e  f r o m  
S o g n e f j o r d e n  t o  SmØla, i n  t h e  n e a r e s t  f u t u r e  f r o m  B e r g e n  t o  
Trondheim. 
The h y d r o c a r b o n  c o n c e n t r a t i o n s  o f  Norwegian  s e a s  away f r o m  
a r e a s  o f  d r i l l i n g  a c t i v i t y  a r e  among t h e  l o w e s t  o f  any s e a ,  r ang ing  
f r o m  10 mg/kg i n  t h e  s e d i m e n t  t o  10  >g/kg i n  t h e  w a t e r  ( s e e  a l s o  
Levy,  1984) .  The h y d r o c a r b o n  c o n t e n t  i n  t h e  s e d i m e n t  i s  up  t o  1000 
t i m e s  t h i s  f i g u r e  i n  a r e a s  5-10km2 a r o u n d  p r e s e n t  p l a t f o r m s .  
C o n c e n t r a t i o n s  up t o  1 0 , 0 0 0  mg/kg h a v e  b e e n  m e a s u r e d  500rn f r o m  
p l a t f o r m s ,  w i t h  2,00Omg/kg being common. T h i s  h a s  l e d  t o  changes i n  
t h e  b e n t h i c  a n i m a l  communi ty  and an  i n c r e a s e  i n  t h e  h y d r o c a r b o n  
c o n t e n t  o f  f i s h  caught  n e a r  p la t fo rms .  Very s i g n i f i c a n t  e f f e c t s  have 
r e s u l t e d  among p l a n k t o n ,  b u t  a  f u r t h e r  d i s c u s s i o n  i s  o u t s i d e  t h e  
s c o p e  o f  t h e  r e p o r t ,  o t h e r  t h a n  t o  n o t e  t h a t  s u c h  s p e c i e s  a r e  t h e  
p r e y  o f  b a l e e n  w h a l e s  a n d  c e r t a i n  p i n n i p e d  s p e c i e s .  T h e  
c o n c e n t r a t i o n  of  o i l - d i g e s t i n g  b a c t e r i a ,  an i n d i c a t o r  o f  t h e  l e v e l  
o f  c h r o n i c  o i l  p o l l u t i o n  of t h e  ocean,  is h i g h e r  i n  t h e  Ekof i sk  a r e a  
than  i n  any o t h e r  p a r t  of  t h e  North Sea (FOH, 19841, 
Apar t  from t h e  r e c e n t  b lowout  on t h e  Haltenbanken f i e l d ,  t h a t  
r e l e a s e d  o n l y  g a s ,  t h e  o n l y  s i g n i f i c a n t  a c c i d e n t a l  o i l  s p i l l a g e  from 
a  Norwegian  o i l  p l a t f o r m  was  t h a t  of  t h e  Bravo  b l o w o u t  on t h e  
E k o f i s k  f i e l d ,  on A p r i l  2 2 ,  1977,  I n  t h i s  a c c i d e n t ,  a b o u t  20 ,000  
t o n n e s  of c r u d e  o i l  were r e l e a s e d  b e f o r e  t h e  w e l l  was capped a f t e r  
seven and a  h a l f  days  (Grahl -Nie lsen ,  1978). The blowout occur red  a t  
a  l o c a t i o n  some 280km s o u t h - w e s t  o f  L i n d e s n e s ,  a n d  t h r o u g h  
e x c e p t i o n a l  l u c k  no o i l  r e a c h e d  a n y  s h o r e  (Audunson,  1978) .  The 
r e s u l t i n g  o i l  s l i c k  d r i f t e d  i n  v a r i o u s  d i r e c t i o n s  u n d e r  t h e  
i n f l u e n c e  of  wind and c u r r e n t  b e f o r e  d i s p e r s i n g ,  b u t  d r i f t  c a r d s  
r e l e a s e d  i n t o  t h e  s l i c k  were  s u b s e q u e n t l y  found i n  Denmark, Germany 
and Holland,  i n d i c a t i n g  t h a t  t h e s e  s h o r e s ,  i n s t e a d  of  Norway, would 
b e  t h e  a r e a s  m o s t  l i k e l y  a f f e c t e d .  
4.1.3 Po l lu t i on  during f i e l d  development 
To d a t e ,  t h e  ma in  c a u s e  o f  p o l l u t i o n  i n  a s s o c i a t i o n  w i t h  
e x p l o r a t i o n  h a s  been  t h e  u s e  of  o i l - b a s e d  d r i l l i n g  muds. A l e s s e r  
s o u r c e  is  r e l e a s e  d u r i n g  b u i l d i n g  of  undersea  p i p e l i n e s .  
A t  p r e s e n t  o i l -based  d r i l l i n g  muds a r e  used a l m o s t  e x c l u s i v e l y  
i n  Norway,  and  i n  1982 r e s u l t e d  i n  t h e  r e l e a s e  o f  a t  l e a s t  4 , 0 0 0  
t o n n e s  of  o i l  i n t o  t h e  s e a ,  The u s e  o f  o i l  ( u s u a l l y  d i e s e l  o i l )  
b a s e d  mud i s  a t  p r e s e n t  i n c r e a s i n g  r a p i d l y  and t o d a y  a c c o u n t s  f o r  
80% of  t h e  c h r o n i c  o i l  s p i l l a g e  on t h e  Norwegian c o n t i n e n t a l  s h e l f .  
The t o x i c i t y  o f  water-based o r  pa ra f f in -based  mud (used f o r  example 
i n  Canada) i s  about  one p e r c e n t  of t h a t  of d i e s e l - b a s e d  mud (Robson, 
1983). A l t e r a t i o n s  t o  t h e  b e n t h i c  a n i m a l  community a r e  much g r e a t e r  
when o i l -based  muds a r e  used than  w i t h  water-based. 
T h e  c o n s t r u c t i o n  o f  p i p e l i n e s  i s  a l s o  a s s o c i a t e d  w i t h  
p o l l u t i o n .  Some 40mL o f  c o r r o s i o n  i n h i b i t o r ,  20m" o f  b i o c i d e  and 
40m" o f  c o l o u r i n g  a g e n t  w e r e  s p i l l e d  d u r i n g  t h e  b u i l d i n g  o f  t h e  
S t a t p i p e  p i p e l i n e .  Other p i p e l i n e s  a r e  p r e s e n t l y  under  c o n ~ t r u c t i o n ~  
The  c o n t r i b u t i o n  of  p i p e l i n e  a c t i v i t i e s  t o  o i l  r e l e a s e  i n  t h e  
Norwegian Sea i s  unknown, b u t  i n  some o t h e r  f i e l d s  such a s  t h e  Gulf  
o f  Mexico, p i p e l i n e s  a r e  s e e n  a s  a  s i g n i f i c a n t  s o u r c e  of  p o l l u t i o n .  
4.1.4 Land-based sourees of s p i l l a g e  
S p i l l a g e  o f  p e t r o l e u m  on l a n d  c a n  o c c u r  d u r i n g  t r a n s p o r t ,  
s t o r a g e ,  l o a d i n g  and u n l o a d i n g  i n v o l v i n g  c o n n e c t i n g  o f  p i p e s  and  
l i n e s ,  and d u r i n g  r e f i n i n g .  Most o f  t h i s  o i l  f i n d s  it way i n t o  
r i v e r s  and u l t i m a t e l y  i n t o  t h e  sea.  I n  1978, f o r  example,  17 m i l l i o n  
t o n n e s  o f  c h e m i c a l s  w e r e  t r a n s p o r t e d  a c r o s s  Norway's b o r d e r s ,  o f  
which pet ro leum produc t s  comprised 85%, o r  14 m i l l i o n  tonnes. During 
t h e  p e r i o d  1978-1982,  t h e r e  o c c u r r e d  some 171 a c c i d e n t s  i n v o l v i n g  
t a n k e r - t r u c k s ,  o f  w h i c h  112  r e s u l t e d  i n  s p i l l a g e  o f  t h e  c o n t e n t s .  
The t o t a l  amount  o f  p e t r o l e u m  s p i l l e d  was 560ma*, o r  a b o u t  500  
tonnes.  I n  a d d i t i o n  some 50-100 s p i l l a g e s  of pe t ro leum p r o d u c t s  a r e  
r e p o r t e d  a n n u a l l y  f r o m  o t h e r  s o u r c e s ,  W h i l e  a  number o f  t h e s e  
s p i l l a g e s  h a v e  k i l l e d  f i s h  and t a i n t e d  w a t e r  s u p p l i e s ,  none  h a v e  
been  c o n s i d e r e d  t o  h a v e  s i g n i f i c a n t l y  harmed t h e  e n v i r o n m e n t .  
T h e r e  a r e  a p p r o x i m a t e l y  3 , 8 0 0  o i l - s t o r a g e  t a n k s  i n  Norway 
c o n t a i n i n g  2.7 m i l l i o n  c u b i c  m e t r e s  of o i l  ( e x c l u d i n g  m i l i t a r y  
s t o r e s ) .  Each y e a r  f o r  t h e  l a s t  d e c a d e ,  t h e r e  h a v e  b e e n  r e g i s t e r e d  
b e t w e e n  20 and 60  c a s e s  o f  l e a k a g e  f r o m  t a n k s  and r e f i n e r i e s  
( c o r r o s i o n ,  b r e a k a g e  of p i p e s  and v a l v e s  e t c . )  and i n  a d d i t i o n  
o c c a s i o n a l  s i g n i f i c a n t  s p i l l a g e s  due t o  i n c o r r e c t  f i l l i n g  o f  over-  
f i l l i n g ,  The q u a n t i t y  of  o i l  l o s t  a n n u a l l y  h a s  been g i v e n  a s  between 
87m" and 1073m". I n  f a c t  t h e  p r o d u c t s  w h i c h  h a s  b e e n  s p i l l e d  m o s t  
commonly a r e  l i g h t  and r e f i n e d  s u c h  a s  j e t  f u e l s  and d i s t i l l a t e s ,  
w h i c h  c o u l d  b e  e x p e c t e d  t o  e v a p o r a t e  q u i c k l y  and p o s e  l i t t l e  
u l t i m a t e  t h r e a t  t o  mar ine  mammals l i f e ,  
The most s e r i o u s  r e c e n t  a c c i d e n t s  i n v o l v i n g  o i l  s t o r a g e  have i n  
f a c t  o c c u r r e d  on S v a l b a r d .  
4.1.5 Petroleum on the Svalbard archipelago 
T h e r e  a r e  v e r y  f e w  s i g h t i n g s  o f  o i l  s l i c k s  on t h e  s e a  a r o u n d  
t h e  S v a l b a r d  a r c h i p e l a g o .  T h i s  i n d i c a t e s  no  d o u b t  t h a t  t h e  a r e a  i s  
r e l a t i v e l y  f r e e  from s p i l l e d  o i l ,  b u t  may a l s o  r e s u l t  from t h e  low 
l e v e l  o f  human h a b i t a t i o n  and a i r c r a f t  a c t i v i t y  t o  s e e  and  r e p o r t  
s u c h  o c c u r r e n c e s .  The u s e  o f  o i l  and t h e  r i s k  o f  o i l  s p i l l a g e  on 
Sva lba rd ,  was ana lysed  by H u s t o f t  and S e i p  (1985). 
D u r i n g  t h e  l a s t  20 y e a r s ,  t h e r e  h a v e  b e e n  no r e p o r t s  of  
s h i p p i n g  a c c i d e n t s  t h a t  r e s u l t e d  i n  o i l  s p i l l a g e  i n  Sva lba rd  waters .  
The s u p p l y  o f  p e t r o l e u m  t o  Norwegian  i n s t a l l a t i o n s  on S v a l b a r d  i s  
p r e s e n t l y  c a t e r e d  f o r  f r o m  s t o r e s  i n  Troms@ and Honningsvåg.  Two 
t a n k e r s  a r e  u s e d  f o r  t h e  s u p p l y ,  o f  c a p a c i t y  1500m2 and 760rnA 
r e s p e c t i v e l y .  I n  s p e c i a l  i n s t a n c e s  s m a l l e r  s h i p s  a r e  s e n t  w i t h  l o a d s  
of  300-400ma. Most of t h e  o i l  d e l i v e r i e s  t o  Sva lba rd  occur  between 
May and November, Unloading of  o i l  o c c u r s  i n  ha rbours  a t  a l l  p l a c e s  
w i t h  t h e  e x c e p t i o n  of  I s f j o r d  R a d i o  and BjØrnØya, w h e r e  t a n k e r s  
u n l o a d  t h r o u g h  f u e l  h o s e s  a t  s e a ,  The a n n u a 1  c o n s u m p t i o n  o f  
pe t ro leum has  dec reased  i n  r e c e n t  y e a r s ,  from 13,000-1 5,000 t o n n e s  
i n  1980-1 982 t o  6,008-9,000 tonnes .  
Coal l o a d i n g  s h i p s  from v a r i o u s  c o u n t r i e s  v i s i t  Svalbard .  There 
a r e  some 50-60 visits a n n u a l l y  t o  Longyearbyen, about  t e n  t o  Svea, 
and a l s o  t r a f f i c  between t h e  two p o r t s .  These s h i p s  c a r r y  o i l  l o a d s  
of between 20 and 500 t o n n e s  heavy fuel o i l  o r  d i e s e l  o i l .  
F i s h i n g  f l e e t s  f i s h  i n  t h e  w a t e r s  around Sva lba rd  and u s e  l o c a l  
p o r t s  t o  r e f u e l .  These a c t i v i t i e s  occur  u s u a l l y  i n  t h e  p e r i o d  A p r i l  
t o  December  d u e  t o  i c e  c o n d i t i o n s .  Up t o  300  f i s h i n g  b o a t s  work  i n  
t h e  a r e a  a n n u a l l y ,  c a r r y i n g  f u e l  s t o r e s  of 100-500 tonnes ,  p r i m a r i l y  
d i e s e l  o i l .  I n  a d d i t i o n  30-35 w h a l e  c a t c h i n g  b o a t s  work i n  t h e  
B a r e n t s  S e a  d u r i n g  t h e  p e r i o d  May t o  S e p t e m b e r ,  a l t h o u g h  n o t  a l l  
come a s  f a r  n o r t h  a s  Svalbard.  The mean o i l  c a p a c i t y  of  t h e s e  s h i p s  
is  about  100 tonnes,  
These f i g u r e s  have s o  f a r  cons ide red  on ly  Norwegian s o u r c e s  o f  
o i l  c a r r y i n g  sh ips .  I n  a d d i t i o n  S o v i e t  s h i p s  d e l i v e r  a  t o t a l  o f  some 
2,000 t o n n e s  of pe t ro leum p r o d u c t s  t o  Sva lba rd  a n n u a l l y ,  and t h e r e  
a r e  a b o u t  45  v i s i t s  p e r  y e a r  by  c o a l  l o a d i n g  s h i p s ,  e a c h  o f  w h i c h  
c a r r i e s  up t o  400 t o n n e s  of o i l  a s  f u e l .  Fore ign  s h i p p i n g  companies 
o p e r a t e  between 25 and 30 t o u r s  t o  Sva lba rd  p e r  year .  Each of t h e s e  
s h i p s  c a r r i e s  a s  f u e l  some 600 t o n n e s  o f  heavy  f u e l  o i l  and 200 
t o n n e s  o f  l i g h t e r  o i l s .  F i n a l l y  t h e r e  i s  a  s m a l l  b u t  i n c r e a s i n g  
number of t r i p s  made by s m a l l e r  t o u r i s t  s h i p s  and s a i l i n g  b o a t s  each 
y e a r ,  and t h e  number  w i l l  a l m o s t  c e r t a i n l y  i n c r e a s e  w i t h  t i m e ,  a s  
Sva lba rd  becomes a more p o p u l a r  t o u r i s t  d e s t i n a t i o n .  An i m p o r t a n t  
f e a t u r e  of  t h e s e  c r u i s e s  i s  t h a t  t h e y  approach a s  c l o s e  a s  p o s s i b l e  
t o  c o n c e n t r a t i o n s  o f  m a r i n e  mammals and  s e a  b i r d s ,  w h e r e  o i l  
s p i l l a g e  would have t h e  w o r s t  consequences. 
The c a l c u l a t e d  p r o b a b i l i t y  o f  a n  a c c i d e n t  i n v o l v i n g  s h i p p i n g  
a r o u n d  S v a l b a r d  w i t h  r e l e a s e  o f  o i l  o n t o  t h e  s e a  is :  0.1 p e r  1 0  
y e a r s  f o r  t a n k e r s ;  0.7 p e r  10  y e a r s  f o r  c o a l  s h i p s ;  2 p e r  10  y e a r s  
f o r  f i s h i n g  b o a t s ;  and 0.4 p e r  10 y e a r s  f o r  c r u i s e  sh ips .  
S ix  commercia l  i n t e r e s t s ,  bo th  Norwegian and S o v i e t  s t o r e  o i l  
a t  n i n e  d i f f e r e n t  l o c a t i o n s  a r o u n d  S v a l b a r d .  To d a t e  t h e r e  h a v e  
been  no l e a k a g e s  r e p o r t e d  f r o m  S o v i e t  l a n d - b a s e d  o i l  s t o r e s ,  b u t  
t h r e e  l e a k a g e s  h a v e  o c c u r r e d  f r o m  t a n k s  a t  t h e  Norwegian  m i n e  o f  
Svea and one a t  t h e  r e s e a r c h  s t a t i o n  a t  Ny-Ålesund. 
I n  t h e  f i r s t  o f  t h e s e  i n c i d e n t s ,  130m" o f  d i e s e l  f u e l  s p i l l e d  
f rom a  s t o r a g e  t a n k  a t  t h e  S v e a  c o a l m i n e  b e t w e e n  A p r i l  20 and  May 
16 ,  1978, and l eaked  i n t o  t h e  a d j a c e n t  Van M i j e n f j o r d f j o r d .  Numerous 
s m a l l e r  s p i l l a g e s  have occur red  b e f o r e  and s ince .  I n  t h i s  i n c i d e n t  
o i l  mel ted  th rough  t h e  snow and t r a v e l l e d  a t  ground l e v e l  o u t  o n t o  
t h e  f j o r d  i c e ,  a g a i n  u n d e r  snow,  s u c h  t h a t  t h e  s p i l l a g e  r e m a i n e d  
i n v i s i b l e .  Most o f  t h e  o i l  was t r a p p e d  b y  t h e  i c e  and t r a n s p o r t e d  
o u t  o f  t h e  f j o r d  d u r i n g  b r e a k u p  ( C a r s t e n s  and  S e n d s t a d ,  1979).  The 
s h o r e  f auna  and p lank ton  community i n  t h e  v i c i n i t y  o f  t h e  t a n k  was 
d e s t r o y e d ,  b u t  t h e  l o n g - t e r m  e f f e c t  on t h e  f j o r d  e c o s y s t e m  h a s  
a p p a r e n t l y  been  n e g l i g i b l e  ( G u l l i k s e n  and T a a s e n ,  1982) .  T h i s  
p a r t i c u l a r  f j o r d  b e a c h  h a s  a  v e r y  s i m p l e  s a n d  and b o u l d e r  e c o l o g y  
and normal ly  very  l i t t l e  l i f e ,  s o  it was n o t  p o s s i b l e  t o  d e r i v e  many 
c o n c l u s i o n s  a s  t o  t h e  e f f e c t s  o f  o i l  on t h e  l i t t o r a l  envi ronment  o f  
Svalbard.  A d e t a i l e d  r e p o r t  on t h e  e f f e c t s  on t h e  s p i l l a g e  on l o c a l  
an imal  l i f e  i s  given i n  t h e  two r e p o r t s .  There i s  no mention whether  
s e a l s  o r  p s l a r  b e a r s  were a f f e c t e d  by o i l ,  t h r s u g h  bo th  s p e c i e s  a r e  
found i n  Van Mi jenf jo rd .  
Two l e s s e r  i n c i d e n t s  o c c u r r e d  a t  S v e a  i n  1983. I n  J u n e ,  5 , 2 8 0  
l i t r e s  of p e t r o 1  were l o s t  due t o  l e a k a g e s  from a f a u l t y  f u e l - l i n e  
and a f a u l t y  pump. I n  November 1,200 l i t r e s  of d i e s e l  o i l  were l o s t  
from a  v a l v e  due t o  human e r r o r .  We have n o t  found any r e p o r t  of t h e  
env i ronmenta l  consequences of t h e s e  two s m a l l e r  leakages .  
W h i l e  t h i s  r e p o r t  was  b e i n g  c o m p i l e d ,  a n o t h e r  a p å l l a g e  of  
pe t ro leum occur red  on Svalbard .  On November 15, 1985, 85,000 l i t r e s  
of d i e s e l  f u e l  o i l  l eaked  from a  broken f u e l - l i n e  a t  Ny-Alesund snko 
a  beach and then  i n t o  t h e  a d j a c e n t  Kongsfjord ( a r i t s l a n d  and Sveum, 
1 9 8 5 ) .  A t  t h e  t i m e  t h e r e  w a s  n o  i c e  i n  t h e  f j o r d  a n d  t h e  
i n v e s t i g a t i o n  of  t h e  s p i l l  was hampered by s tormy weather  and t o t a l  
d a r k n e s s .  A p a r t  o f  t h e  o i l  h a s  s a t u r a t e d  t h e  b e a c h  t o  a  d e p t h  of  
a p p r o x i m a t e l y  50cm and h a s  b e e n  i n c o r p o r a t e d  i n t o  t h e  b e a c h  by 
f r e e z i n g ,  p e r h a p s  t o  p o l l u t e  K o n g s f j o r d  l o c a P P y  i n  t h e  f u t u r e ,  
D e s p i t e  i n t e n s i v e  s e a r c h i n g  of t h e  f j o r d  w i t h  b o a t  and h e l i c o p t e r ,  
no t r a c e  of a  f l o a t i n g  o i l  s l i c k  was  f o u n d .  The e f f e c t  o f  t h å s  
s p i l l a g e ,  i f  any,  on t h e  s m a l l  co lony  o f  ha rbour  s e a 1  on P r i n z  KarPs 
F o r l a n d ,  o r  on h a r p ,  r i n g e d ,  hooded and b e a r d e d  s e a 1  t h a t  c o u l d  be 
expected  i n  t h e  a r e a ,  i s  a s  y e t  unknown and under  i n v e s t i g a t i o n .  
4.2 Potential sources o f  future o i l  pol lut ion 
4.2.1 Future s p i l l a g e  from shipping 
The g r e a t e s t  s o u r c e  o f  p o l l u t i o n  o f  t h e  Norwegian c o a s t l i n e  and 
t h e r e f o r e  of  c o a s t a l  m a r i n e  mammals by o i l  i s  s h i p  t r a f f i c  and 
s m a l l e r  c h r o n i c  r e l e a s e s  f r o m  p l a t f o r m s  and o t h e r  sources .  S h i p s  
f r e q u e n t  t h e  e n t i r e  c o a s t l i n e ,  b u t  i t  i s  l o g i c a l  t o  e x p e c t  t h a t  
t h o s e  a r e a s  w i t h  t h e  h e a v i e s t  vo lume  o f  s h i p p i n g  w i l l  b e  t h e  m o s t  
l i k e l y  t o  s u s t a i n  p o l l u t i o n  f r o m  s h i p s .  The l i k e l i h o o d  o f  an  
a c c i d e n t  i n v o l v i n g  a t a n k e r  h a s  b e e n  c a l c u l a t e d  by t h e  SFT (1985)  
f o r  d i f f e r e n t  s e c t i o n s  o f  t h e  c o a s t l i n e ,  b a s e d  on p r e s e n t  t a n k e r  
a c t i v i t i e s .  The Finnmark c o a s t  has  t h e  l o w e s t  l i k e l i h o o d  f o r  t a n k e r  
a c c i d e n t ,  w i t h  o n e  a c c i d e n t  e x p e c t e d  a p p r o x i m a t e l y  e v e r y  t h r e e  
y e a r s ,  and an expected  annua1 r e l e a s e  of  270 tonnes  o f  o i l  i n t o  t h e  
s e a .  The p o s s i b l e  e x c e p t i o n  b e i n g  Honningsvåg  w h i c h  i s  p r e s e n t l y  
t h e  s e v e n t h  b u s i e s t  p o r t  i n  Norway. The h i g h e s t  e x p e c t a n c y ,  w i t h  
n e a r l y  one a c c i d e n t  (0.91) and a  r e l e a s e  of  730 tonnes  pe r  y e a r ,  was 
c a l c u l a t e d  f o r  t h e  c o a s t l i n e  from Trondheim t o  Troms@. However, i f  
o n e  a l s o  c o n s i d e r s  o i l  p o l l u t i o n  f r o m  a l l  s h i p p i n g ,  t h e  q u o t e d  
f i g u r e s  would c e r t a i n l y  be  much h i g h e r .  
I t  i s  e x p e c t e d  t h a t  t h e  l i k e l i h o o d  of o i l  p o l l u t i o n  of t h e  
Mongstad-Sture r e g i o n  i n  Hordaland w i l l  a l s o  i n c r e a s e  s i g n i f i c a n t l y  
i n  t h e  n e a r  f u t u r e  d u e  t o  t h e  i n c r e a s e  i n  t h e  vo lume  o f  o i l  
t r a n s p o r t e d  t o  t h i s  s e c t i o n  o f  c o a s t  f r o m  o f f s h o r e  p r o d u c t i o n  
f i e l d s .  
4.2.2 Pol lut ion from offshore o i l  f i e l d s  
The i n c r e a s e  of  some 40% i s  e x p e c t e d  by t h e  y e a r  2000 i n  t h e  
d a i l y  p roduc t ion  o f  o i l  from t h e  Norwegian c o n t i n e n t a l  s h e l f ,  from 
some 25 m i l l i o n  tonnes  pe r  y e a r  now t o  30-35 m i l l i o n  tonnes.  A t  t h e  
same t i m e ,  p roduc t ion  a c t i v i t y  i s  s p r e a d i n g  nor thward towards  deeper  
d e p t h s  and more s e v e r e  c l i m e t i c  cowdit ions.  While,  on a  world-wide 
b a s i s ,  p l a t f o r m  a c c i d e n t s  a r e  r e s p o n s i b l e  f o r  o n l y  about  two p e r c e n t  
o f  t h e  o i l  p o l l u t i o n  i n  t h e  s e a s ,  t h e y  p o s e  t h e  g r e a t e s t  p o t e n t i a l  
t h r e a t  f o r  p o l l u t i o n  o f  t h e  s o u t h e r n  B a r e n t s  S e a  and F i n n m a r k  
c o a s t l i n e .  I f  f u t u r e  B a r e n t s  Sea f i e l d s  produce comparable amounts 
o f  o i l  a s  p r e s e n t  f i e l d s ,  and it  i s  assumed  t h e y  w i l l ,  t h e n  t h e  
d a i l y  p r o d u c t i o n  p e r  w e l l  ( and  d a i l y  s p i l l a g e  i n  t h e  c a s e  o f  
a c c i d e n t )  w i l l  b e  b e t w e e n  4 , 0 0 0  and 15 ,000  t o n s ,  Based on p r e s e n t  
f i g u r e s ,  a  s i g n i f i c a n t  p l a t f o r m  b l o w o u t ,  e i t h e r  e x p l o r a t i o n  o r  
p r o d u c t i o n ,  w i l l  occur  once e v e r y  f i v e  t o  t e n  years .  
The d r i f t  of a n  o i l  s l i c k  a f t e r  an  u n c o n t r o l l e d  b l o w o u t  f r o m  
f o u r  Norwegian  o i l  f i e l d s  - E k o f i s k ,  S t a t f j o r d ,  H a l t e n b a n k e n  and 
T r o m s Ø f l a k e t ,  i s  c o n s i d e r e d  i n  a r e p o r t  f r o m  t h e  N o r w e g i a n  
C o n t i n e n t a l  Shel f  I n s t i t u t e  (IKU, 1985) and a l s o  i n  v a r i o u s  r e p o r t s  
from t h e  Norwegian S t a t e  P o l l u t i o n  C o n t r o l  A ~ i t h o r i t y .  T h i s  assumes 
t h a t  an  o i l  s l i c k  r e s u l t i n g  f r o m  a  b l o w o u t  i n  o n e  o f  t h e  p r o p o s e d  
B a r e n t s  S e a  f i e l d s  would  b e h a v e  s i m i l a r  t o  o n e  o r i g i n a t i n g  i n  t h e  
Tromsaf lake t  f i e l d .  spilis from t h e  Ekof isk  f i e l d  a r e  n o t  l i k e l y  t o  
a f f e c t  c o a s t a l  mar ine  mammals because  of  t h e  low l i k e l y h o o d  of  o i l  
from t h i s  f i e l d  c o n t a c t i n g  a  Norwegian c o a s t l i n e .  
The most i m p o r t a n t  p r o d u c t i o n  o i l  f i e l d  f o r  Norway, now and up 
t o  y e a r  2080 ,  w i l l  b e  t h e  S t a t f j o r d  f i e l d  west o f  S o g n e f j o r d ,  and 
t h e  g r e a t e s t  l i k e l i h o o d  f o r  p o l l u t i o n  o f  t h e  s e a  a l s o  comes  f r o m  
t h i s  f i e l d .  The c o a s t l i n e  m o s t  s u s c e p t i b l e  t o  p o l l u t i o n  a f t e r  a  
b l o w o u t  b u t  a l s o  f rom n o r m a l  o p e r a t i o n s  f r o m  S t a t f j o r d  i s  t h e  
s t r e t c h  from Sognef jord  t o  SmØla. The s i t u a t i o n  w i t h  -v o i l  
d r i l l i n g  i s  d i f f e r e n t .  Today a b o u t  15 o f  t h e  45 e x p l o r a t o r y  wel l s  
d r i l l e d  a n n u a l l y  a r e  d r i l l e d  n o r t h  of  t h e  S t a t f j o r d  f i e l d  and by t h e  
y e a r  2000 n e a r l y  a l l  e x p l o r a t o r y  a c t i v i t y  i s  e x p e c t e d  t o  o c c u r  i n  
t h e  Nor th .  I n  a d d i t i o n  t o  t h e  t h r e a t  o f  b l o w o u t  o f  an  e x p l o r a t o r y  
w e l l ,  e x p l o r a t o r y  a c t i v i t i e s  r e l e a s e  l a r g e  a m o u n t s  o f  o i l - b a s e d  
d r i l l i n g  muds i n t o  t h e  s e a  t h a t  a r e  a s i g n i f i c a n t  c a u s e  o f  m a r i n e  
o i l  p o l l u t i o n ,  The amount  o f  p e t r o l e u m  r e l e a s e d  i n t o  t h e  n o r t h e r n  
m a r i n e  e n v i r o n m e n t  w i l l  t h e r e f o r e  i n c r e a s e ,  even  i f  t h e  g r e a t e s t  
t h r e a t  o f  p o l l u t i o n  remains  i n  t h e  Bergen - Trondheim area .  
A s  y e t  o n l y  g a s  h a s  been  f o u n d  on t h e  T r o m s o f l a k e t  f i e l d .  F o r  
t h e  p u r p o s e  o f  m o d e l l i n g  an o i l  b l o w o u t ,  t h e  I K U  (1985)  r e p o r t  
a s s u m e s  t h a t  a  b l o w o u t  on a n  o p e r a t i o n a l  p l a t f o r m  w i l l  p r o d u c e  a  
q u a n t i t y  of  o i l  s i m i l a r  t o  t h e  H a l t e n b a n k e n  f i e l d  t o  t h e  s o u t h ,  
namely 2,400 t o n n e s  per day,  t h e  b lowout  l a s t i n g  f o r  t e n  days. A f t e r  
s u c h  a  b l o w o u t ,  an  o i l  s l i c k  would  d r i f t  i n  a n  e a s t e r l y  d i r e c t i o n  
and p o l l u t e  t h e  c o a s t l i n e  from n o r t h  of  Troms@ e a s t  t o  t h e  Varanger 
Peninsula .  The c o a s t  between SØrØya and t h e  Nordkinn Pen insu la  would 
h a v e  a n  a p p r o x i m a t e  50% c h a n c e  o f  o i l  p o l l u t i o n .  S e a s o n a l  
d i f f e r e n c e s  i n  c u r r e n t  and wind would mean a  g r e a t e r  chance o f  d r i f t  
toward t h e  open s e a  d u r i n g  autumn and w i n t e r  b u t  toward l and  d u r i n g  
s p r i n g  and summer. A blowout d u r i n g  t h e  summer i s  c a l c u l a t e d  t o  p u t  
t h e  g r e a t e s t  amount of o i l  o n t o  t h e  s h o r e ,  w h i l e  t h e  minimum d r i f t  
i n t e r v a l  t o  s h o r e  o c c u r s  d u r i n g  w i n t e r  - 2.3 days  t o  SØroya. 
P roduc t ion  of o i l  from t h e  Haltenbanken f i e l d  i s  n o t  expected  
b e f o r e  t h e  m i d d l e  o f  t h e  199O1s,  b u t  t h e  d a n g e r  o f  a  b l o w o u t  on an  
e x p l o r a t o r y  w e l l  w i l l  a r i s e  much e a r l i e r .  A f t e r  a  s p i l l  on t h e  
H a l t e n b a n k e n  f i e l d  ( a  p r e d i c t e d  2 ,400  t o n n e s  p e r  d a y  f o r  10  d a y s )  
o i l  would d r i f t  p r i m a r i l y  nor thwards  and c o n t a m i n a t e  a  s t r e t c h  o f  
c o a s t l i n e  f r o m  a b o u t  Smola  i n  t h e  s o u t h  t o  S e n j a  i n  t h e  n o r t h .  The 
a r e a  most a f f e c t e d  would l i e  between t h e  borde r  of  South  and North 
Trondelag and S a n d n e s s j ~ e n .  There is  ve ry  l i t t l e  d i f f e r e n c e  between 
t h e  s e a s o n s  i n  t h e  a m o u n t s  of o i l  t h a t  c o u l d  b e  e x p e c t e d  t o  s t r a n d  
b u t  t h e  minimum d r i f t  i n t e r v a l  t o  l and  i s  somewhat s h o r t e r  i n  autumn 
and w i n t e r  t h a n  i n  s p r i n g  and summer (IKU, 1985). 
I n  i t s  c a l c u l a t i o n s  t h e  I K U  (1985)  r e p o r t  a s s u m e s  t h a t  a  
b lowout  on t h e  S t a t f j o r d  f i e l d  w i l l  r e l e a s e  some 9,500 t o n n e s  of  o i l  
p e r  d a y  f o r  10 d a y s .  T h i s  f i e l d  i s  f u r t h e r  f rom t h e  c o a s t  t h a t  t h e  
n o r t h e r n  f i e l d s  a n d  t h e  d r i f t  i n t e r v a l  b e f o r e  s t r a n d i n g  i s  
c o r r e s p o n d i n g l y  g r e a t e r .  T h i s  would a l l o w  a  g r e a t e r  q u a n t i t y  of  o i l  
t o  e v a p o r a t e  and o t h e r w i s e  d i s p e r s e  s o  t h a t  t h e  p e r c e n t a g e  o f  t h e  
s p i l l  t h a t  w o u l d  s t r a n d  i s  l o w e r  t h a n  f o r  t h e  n o r t h e r n  f i e l d s .  O i l  
w o u l d  d r i f t  d i r e c t l y  e a s t w a r d s  a n d  s p r e a d  p r i m a r i l y  t o w a r d s  t h e  
North. The r e g i o n  o f  c o a s t  where  o i l  w i l l  p r o b a b l y  s t r a n d  l i e s  f rom 
Nor th  o f  Sunnhorda land  t o  Nor th  TrØndelag,  w h i l e  t h e  mos t  v u l n e r a b l e  
a r e a  i s  c o n s i d e r e d  t o  l i e  be tween  F l o r @  and Alesund. Minimum d r i f t  
i n t e r v a l  i s  s l i g h t l y  s h o r t e r  i n  w i n t e r  t h a t  i n  summer  (3,5 and  4.3 
d a y s  r e s p e c t i v e l y ) .  
5 .  MARINE MAMCAL POPULATIONS WWERABLE TO OIL CONTAMINTION 
By m a t c h i n g  a v a i l a b l e  i n f o r m a t i o n  on t h e  b i o l o g y  a n d  
d i s t r i b u t i o n  o f  m a r i n e  mammals ( C h a p t e r  2 )  t o  p r e d i c t i o n s  o f  t h e  
s p a t i a l  d i s t r i b u t i o n  o f  o i l  p o l l u t i o n  ( C h a p t e r  41, an a t t e m p t  i s  
made i n  t h i s  c h a p t e r  t o  a s s e s s  t h e  r i s k s  and i d e n t i f y  t h o s e  
p o p u l a t i o n s  o f  mar ine  mammals which have t h e  g r e a t e s t  p r o b a b i l i t y  of 
c o n t a c t  w i t h  o i l .  It must n o t  be  assumed, however, t h a t  d i r e c t  o i l  
c o n t a m i n a t i o n  w i l l  be t h e  o n l y  problem t h a t  mar ine  mammals w i l l  f a c e  
i n  t h e  c a s e  o f  an  o i l  s p i l l a g e ,  The c o a s t a l  w a t e r s  o f  w e s t e r n  and 
northern-Norway a r e  e x t r e m e l y  i m p o r t a n t  spawning a r e a s  f o r  a  number 
o f  f i s h  s p e c i e s ,  and d e a t h  o f  f i s h  l a r v a e  d u r i n g  a  s p i l l  may, a f t e r  
some d e l a y ,  produce s h o r t a g e s  of  prey  s p e c i e s  f o r  l o c a l  mammals. 
We c o n s i d e r  t h a t  g r e y  s e a l s ,  
common s e a l s  and 
h a r p  s e a l s  a r e  p a r t i c u l a r l y  s u s c e p t i b l e  t o  
c o n t a c t  w i t h  o i l  i n  Norwegian c o a s t a l  w a t e r s ,  and t h a t  
r i n g e d  s e a l s ,  
bearded s e a l s  and 
w a l r u s  a r e  s u s c e p t i b l e  t o  o i l  p o l l u t i o n  i n  
t h e  w a t e r s  o f  Sva lba rd .  
The d i s t r i b u t i o n  of  g r e y  s e a l s  i n  Norway was i n d i c a t e d  i n  Tab le  
1 and F i g .  2b. The m o s t  i m p o r t a n t  b r e e d i n g  a r e a  i s  t h e  c o a s t  of 
South Trondelag ,  p a r t i c u l a r l y  t h e  i s l e t s  and s k e r r i e s  i n  t h e  Halten- 
F r o a n  a r c h i p e l a g o .  I t  i s  p r e c i s e l y  t h i s  p a r t  o f  t h e  c o a s t  t h a t  i s  
cons ide red  most a t  r i s k  from o i l  p o l l u t i o n  from t h e  Haltenbanken and 
S t a t f j o r d  f i e l d s ,  and where f o u l i n g  o f  g r e y  s e a l s  by o i l  i s  a l r e a d y  
s i g n i f i c a n t .  Over a  t h i r d  o f  t h e  g r e y  s e a l s  born a t  Halten-Froan i n  
r e c e n t  y e a r s  have been p a r t i a l l y  o r  h e a v i l y  coa ted  by o i l  which h a s  
p r o b a b l y  d r i f t e d  f r o m  t h e  S t a t f j o r d  f i e l d  ( W i i g ,  i n  p r e s s ) .  O i l -  
f o u l i n g  o f  t h i s  g r e y  s e a 1  p o p u l a t i o n  can be expected  t o  i n c r e a s e  i n  
t h e  coming  y e a r s .  The s i t u a t i o n  i s  b e t t e r  f o r  N o r d l a n d ,  w h i c h  
c o n t a i n s  t h e  n e x t  g r e a t e s t  p o p u l a t i o n  o f  g r e y  s e a l s .  The c a l c u l a t e d  
l i k e l i h o o d  of  f o u l i n g  of t h i s  c o a s t l i n e  f r o m  o f f s h o r e  p e t r o l e u m  
a c t i v i t y  i s  low t o  m o d e r a t e .  I n  f a c t  t h e  g r e y  s e a 1  p o p u l a t i o n  h e r e  
i s  l a r g e  mainly  because  o f  t h e  long  c o a s t l i n e .  I n  r e a l i t y  i n d i v i d u a l  
g r e y  s e a 1  c o l o n i e s  a r e  q u i t e  s m a l l  and d i s p e r s e d  and pe rhaps  n o t  a  
g r e a t  number  would  b e  a f f e c t e d  by a n y  g i v e n  s p i l l a g e .  The s e a 1  
p o p u l a t i o n  of t h e  L o f o t e n - V e s t e r å l e n  r e g i o n  i s  poor ly  documented, 
n o t  h a v i n g  been  p r o p e r l y  s u r v e y e d  s i n c e  1964  (Oynes ,  1964) .  S e a 1  
numbers a long  t h i s  c o a s t  can t h e r e f o r e  o n l y  be guessed.  The Finnmark 
c o a s t l i n e  a l s o  c o n t a b n s  a  l a r g e  g r e y  s e a 1  p o p u l a t i o n ,  t h a t  would  
c e r t a i n l y  be a f f e c t e d  by s p i l l a g e  of o i l  from t h e  B a r e n t s  Sea l e a s e s  
no m a t t e r  wha t  t h e  s e a s o n .  I n  any  c a s e  i t  i s  t h e  S o u t h  T r o n d e l a g  
g r e y  s e a 1  p o p u l a t i o n  t h a t  w i l l  t a k e  t h e  b r u n t  o f  o i l  p o l l u t i o n  i n  
t h e  immedia te  f u t u r e .  
Much t h e  same  p i c t u r e  a p p l i e s  t o  t h e  Norwegian  h a r b o u r  s e a 1  
p o p u l a t i o n  (Table  1 ,  Fig. lb) .  The g r e a t e s t  c o n c e n t r a t i o n  i s  l o c a t e d  
on t h e  Sogn-Fjordane, M~re-Romsdal and South Trondelag  c o a s t s ,  which 
w i l l  p robably  be  t h e  most  p o l l u t e d  Norwegian c o a s t l i n e  f o r  a t  l e a s t  
t h e  n e x t  decade,  due t o  pe t ro leum a c t i v i t i e s  on t h e  S t a t f j o r d  f b e l d .  
To t h e  s o u t h ,  i n  H o r d a l a n d  and R o g a l a n d ,  t h e r e  a r e  fewer h a r b o u r  
s e a 1  (Table  1) and it i s  t h e s e  two c o u n t i e s  t h a t  a r e  c o n s i d e r e d  t h e  
most l i k e l y  t o  r e c e i v e  p o l l u t i o n  from shipping.  The O s l o f j o r d ,  t h e  
o t h e r  r e g i o n  l i a b l e  t o  p o l l u t i o n  f r o m  s h i p p i n g ,  s u p p o r t s  a 
p o p u l a t i o n  of some 1 , 0 0 0  h a r b o u r  s e a l s  on t h e  K o s t e r  and H v a l e r  
i s l a n d s .  These i s l a n d s  l i e  d i r e c t l y  a d j a c e n t  t o  s h i p p i n g  l a n e s  i n t o  
O s l o ,  F r e d r i k s t a d  and Moss,  and m u s t  b e  c o n s i d e r e d  l i a b l e  t o  
f o u l i n g .  I f ,  f o r  example, t h e  s h i p  t h a t  grounded r e c e n t l y  on Koster  
had broken up, o i l - f o u l i n g  of ha rbour  s e a l s  would p robab ly  have been 
severe .  I n  Nordland and Troms, t h e  t h r e a t  of  c o n t a c t  between o i l  and 
t h e  l a r g e  p o p u l a t i o n  of  h a s b o u r  s e a l s ,  b o t h  f r o m  s h i p p i n g  and 
b l o w o u t s ,  c a n  b e  c o n s i d e r e d  low.  The F i n n m a r k  c o a s t  h a s  a l s o  a  
moderate number o f  harbour  s e a 1  t h a t  would l i k e l y  be a f f e c t e d  i n  t h e  
c a s e  o f  a  s p i l l  from t h e  T r o m s ~ f l a k e t  f i e l d .  
D u r i n g  t h e  a c t i v e  f e e d i n g  p h a s e  o f  t h e i r  a n n u a 1  c y c l e  ( l a t e -  
summer t o  w i n t e r )  l a r g e  n u m b e r s  of h a r p  s e a l s  a r e  f o u n d  i n  t h e  
s o u t h e r n  B a r e n t s  Sea and a long  t h e  east-Finnmark c o a s t .  The s e a l s  
a l s o  p e n e t r a t e  deep i n t o  Varanger f jo rd  and Tanaf jord .  The c o a s t  and 
f j o r d s  o f  east-Finnmark a r e  o n l y  modera te ly  t o  s l i g h t l y  s u s c e p t i b l e  
t o  p o l l u t i o n  i n  t h e  c a s e  of a  b lowout  on t h e  T r o m s ~ f l a k e t  f i e l d ,  buk 
f r e e - s w i m m i n g  h a r p  s e a l s  i n  t h e  s o u t h w e s t e r n  B a r e n t s  Sea  would  
l i k e l y  c o n t a c t  o i l  if a  b l o w o u t  o c c u r r e d  d u r i n g  t h e  a p p r o p r i a t e  
season.  These s e a l s  a r e ,  however, f r e e  swimming and do n o t  normal ly  
h a u 1  o u t  on s h o r e ,  s o  t h a t  we c a n  s p e c u l a t e  t h a t  o i l  c o n t a c t  m i g h t  
be b r i e f  and q u i c k l y  r i n s e d  o f f  by c l e a n  s e a  water .  
While p l a t f o r m  b lowouts  around t h e  Sva lba rd  a r c h i p e l a g o  remain  
a  p r o b l e m  f o r  t h e  d i s t a n t  f u t u r e ,  t h e  t h r e a t  o f  o i l  s p i l l a g e  f r o m  
s h i p p i n g  a c c i d e n t s  and l e a k a g e  o f  s t o r e s  on l a n d  i s  h e r e  now. 
Depend ing  on t h e  s e a s o n ,  o i l  f o l l o w i n g  s p i l l a g e  w i l l  c o l l e c t  on 
b e a c h e s ,  i n  l e a d s  and h o l e s  o f  f a s t  i c e ,  o r  among l e a d s  i n  moving 
pack i c e .  I n  l a t e  summer, autumn and e a r l y  w i n t e r ,  l a r g e  numbers of 
r inged  s e a l s ,  s m a l l e r  numbers o f  bearded s e a l s ,  and low numbers o f  
h a r p  and hooded s e a l s  and w a l r u s  c a n  b e  e x p e c t e d  t o  become o i l -  
f o u l e d ,  a s  t h e y  s w i m  i n  open w a t e r  and hau1 o u t  o n t o  s m a l l e r  f l o e s .  
I n  l a t e  w i n t e r ,  s p r i n g  and e a r l y  summer t h e  s i t u a t i o n  c o u l d  b e  
c o n s i d e r a b l y  more s e r i o u s ,  e s p e c i a l l y  f o r  r i n g e d  s e a l s .  By l a t e  
w i n t e r ,  r inged  s e a l s  have c o n s t r u c t e d  and a r e  u s i n g  caves  and s m a l l  
b r e a t h i n g  h o l e s  i n  l a n d - f a s t  i ce .  Bearded s e a l s  and w a l r u s  remain  on 
d r i f t i n g  f l o e s  b u t  a r e  a l s o  found i n t o  t h e  f j o r d s  and c l o s e  t o  land. 
P e t r o l e u m  would  c o l l e c t  i n  t h i c k  l a y e r s  i n  t h e  h o l e s  and l e a d s  o f  
f a s t  i c e  and r inged  s e a l s  could  be  expected  t o  become h e a v i l y  c o a t e d  
e v e r y  t i m e  t h e y  hauled  ou t .  O i l  would be  t r a n s p o r t e d  i n t o  and would 
a c c u m u l a t e  i n  t h e  l a i r s ,  u l t i m a t e l y  f o u l i n g  t h e  pups ,  The r e d u c e d  
t i m e  s p e n t  a c t i v e l y  swimming i n  open w a t e r  could  mean t h a t  o i l  would 
n o t  be e a s i l y  r i n s e d  away. Because bearded s e a l s  and w a l r u s  remaiin 
on d r i f t i n g  f l o e s  i n  o p e n  w a t e r  t h e y  would  b e  e x p e c t e d  t o  become 
more l i g h t l y  fou led .  Hooded and h a r p  s e a l s  a r e  n o t  found i n  t h e  a r e a  
i n  a p p r e c i a b l e  numbers d u r i n g  t h e  f a s t  i c e  season. 
We c o n s i d e r  t h a t  s e v e r a l  s m a l l e r  t o o t h e d  wha les ,  
minke whales ,  
humpback wha les ,  
f i n  whales  and 
s e i  w h a l e s  a r e  s u s c e p t i b l e  t o  c o n t a c t  w i t h  
o i l  i n  Norwegian waters .  
Toothed wha les ,  i n  p a r t i c u l a r  t h e  k i l l e r  whale, common p o r p o i s e  
and w h i t e  beaked  d o l p h i n ,  o c c u r  w i d e l y  and i n  l a r g e  n u m b e r s  i n  
Norwegian c o a s t a l  w a t e r s  i n  a l l  seasons .  B o t t l e n o s e  whales  f r e q u e n t  
d e e p e r  w a t e r  b u t  a r e  a l s o  o c c a s i o n a l l y  found  i n  t h e  B a r e n t s  S e a  
l e a s e  a r e a s .  White whales  o r  Belugas a r e  seen  o f f  t h e  Finnmark c o a s t  
o n l y  i n  summer and i n  low numbers .  A l l  o f  t h e s e  s p e c i e s  c o u l d  b e  
e x p e c t e d  t o  c o n t a c t  o i l  f rom a  p l a t f o r m  b l o w o u t .  B e c a u s e  m o s t  
s h i p p i n g  a c c i d e n t s  h a p p e n  i n  h a r b o u s  a r e a s  a r  w i t h i n  a  f e w  
k i l o m e t r e s  o f  t h e  c o a s t ,  where c e t a c e a n  numbers a r e  n o t  a s  h i g h ,  t h e  
r i s k  o f  c o n t a c t  a f t e r  a  s h i p p i n g  a c c i d e n t  i s  lower.  
Minke whales  a r e  found th roughou t  t h e  Baren t s  Sea t o  Sva lba rd  
and i n  n o r t h e r n  c o a s t a l  w a t e r s  d u r i n g  t h e  summer and a l s o  i n  more  
s o u t h e r n  c o a s t a l  w a t e r s  d u r i n g  t h e  w i n t e r .  Some i n d i v i d u a l s  a r e  
t h e r e f o r e  l i k e l y  t o  b e  c o n t a c t e d  by o i l  a f t e r  s p i l l a g e  from p l a t f o r m  
o r  s h i p ,  whatever  t h e  season  o r  a rea .  
Groups o f  humpback wha les  m i g r a t e  t w i c e  y e a r l y  w i t h i n  s e v e r a l  
k i l o m e t r e s  o f  t h e  c o a s t  b e t w e e n  N o r d k a p p  a n d  S ~ r ~ y a .  T h e s e  
m i g r a t i o n s  occur  d u r i n g  t h e  w i n t e r  and a g a i n  d u r i n g  t h e  summer. The 
c o a s t a l  m i g r a t i o n  phase c o i n c i d e s  p r e c i s e l y  w i t h  t h e  a r e a  expected  
t o  r e c e å v e  t h e  h e a v i e s t  s h o r e  p o l l u t i o n  a f t e r  a b l o w o u t  on t h e  
TromsØflaket  f i e l d ,  and a l s o  l e a d s  th rough  t h e  proposed B a r e n t s  Sea 
l e a s e  a r e a s ,  s o  humpback whales  would c e r t a i n l y  be f o u l e d  by a  s p i l l  
a t  t h e  a p p r o p r i a t e  s e a s o n .  T h e s e  w h a l e s  f e e d  o n l y  t o  a  m o d e r a t e  
e x t e n t  d u r i n g  t h e  m i g r a t i o n s  s o  t h e  i n t a k e  o f  o i l  a f t e r  a  s p i l l  
s h o u l d  b e  s m a l l .  The g r e a t l y  r e d u c e d  s i z e  o f  t h e  B a r e n t s  S e a  
humpback whale  p o p u l a t i o n  r e q u i r e s  t h a t  c l o s e  c o n s i d e r a t i o n  be g iven  
t o  t h e  p o s s i b l e  consequences of o i l  f o u l i n g  o f  t h e s e  animals .  
F in  wha les  a r e  found s i n g l y  o r  i n  s m a l l  g roups  i n  t h e  s o u t h e r n  
B a r e n t s  Sea and o f f  t h e  n o r t h  Norwegian c o a s t  d u r i n g  s p r i n g ,  summer 
and autumn. A s  t h e  whale and h e r r i n g  s t o c k s  r e c o v e r ,  f i n  whales  can 
a l s o  b e  e x p e c t e d  t o  b e  s e e n  a l o n g  t h e  c o a s t s  a n d  f j o r d s  o f  w e s t e r n  
and u l t i m a t e l y  sou the rn  Norway d u r i n g  t h e  summer. F in  whales  would 
b e  i n c l u d e d  among t h e  m a r i n e  mammals c o n t a c t e d  by o i l  a f t e r  a  
s p i l l a g e  i n  t h e  s o u t h e r n  B a r e n t s  S e a ,  when o i l  d r i l l i n g  a c t i v i t y  
b e g i n s  t h e r e ,  b u t  a l s o  sooner  a long t h e  wes te rn  c o a s t  of  Norway a s  
f i n  whale numbers i n  t h e  Norwegian Sea i n c r e a s e .  
S e i  w h a l e s  o c c u r  s e a s o n a l l y  d u r i n g  l a t e  s p r i n g  and summer 
a r o u n d  t h e  S h e t l a n d  I s l a n d s  i n  t h e  s o u t h e r n  Norwegian  Sea.  Some 
i n d i v i d u a l s  could  conce ivab ly  be  c o n t a c t e d  by o i l  a f t e r  a  s p i l l a g e  
on e i t h e r  t h e  E k o f i s k  o r  S t a t f j o r d  f i e l d s .  S e i  w h a l e s  a r e  f a s t  
swimming and a c t i v e  f e e d e r s  a f t e r  t h e  s t y l e  o f  t h e  minke whale. The 
p o t e n t i a l  f o r  o i l  i n g e s t i o n  i s  t h e r e f o r e  high. 
5.3 The otter 
The o t t e r  p o p u l a t i o n  o f  Norway h a s  b e e n  g r e a t l y  r e d u c e d ,  and 
t h e  s t r o n g e s t  l o c a l  p o p u l a t i o n  i s  p r e s e n t l y  f o u n d  i n  F innmark .  
O t t e r s  can be expected  w i t h  n e a r  c e r t a i n t y  t o  become h e a v i l y  f o u l e d  
b y  s t r a n d e d  o i l  f r o m  t h e  B a r e n t s  S e a  o i l  f i e l d s  o r  f r o m  a  s h i p p i n g  
a c c i d e n t  a long  t h e  Finnmark c o a s t .  Because o f  t h e  reduced p o p u l a t i o n  
s i z e  t h e  e f f e c t  of o i l - f o u l i n g  on t h e  o t t e r  s h o u l d  b e  c a r e f u l l y  
e v a l u a t e d ,  
5.4 The polar bear 
The p o l a r  b e a r  i s  a n  i n h a b i t a n t  o f  l a n d - f a s t  i c e  and d r i f t i n g  
pack  i c e .  I t  i s  u n l i k e l y  t h a t  p o l a r  b e a r s  would  b e  a f f e c t e d  by a n  
o i l  s p i l l  from t h e  p r e s e n t  B a r e n t s  Sea l e a s e s  and c e r t a i n l y  n o t  from 
any  f i e l d s  f u r t h e r  s o u t h .  However ,  i t s  w i d e s p r e a d  d i s t r i b u t i o n  
around Sva lba rd ,  mobi l e  n a t u r e ,  f r e q u e n t l n g  o f  human h a b i t a t i o n  and 
u s e  of f a s t  i c e  and w a t e r  f o r  h u n t i n g ,  makes it h i g h l y  v u l n e r a b l e  t o  
c o n t a c t  w i t h  o i l  shou ld  a  s p i l l  occur  i n  t h i s  a rea .  
6 .  THE EFFECTS OF O I L  ON MARINE MAMMALS 
Marine mamals a r e  "h igherw mammals t h a t  a r e  a l m o s t  c e r t a i n l y  
c a p a b l e  o f  f e e l i n g  p a i n ,  p r o b a b l y  a l s o  s u f f e r i n g  and f r i g h t .  The 
assumpt ion t h a t  mammals f e e l  pa in  i n  a  way s i m i l a r  t o  humans comes 
from t h e  s i m i l a r i t y  o f  t h e  pa in  conduct ing  nervous  pathways i n  t h e  
t w o  g r o u p s  (Dubner and B e n n e t t ,  1983)  and f r o m  t h e  r e l e a s e  o f  
i d e n t i c a l  chemica l  t r a n s m i t t e r s  and o t h e r  s u b s t a n c e s  a f t e r  exposure  
t o  n o x i o u s  s t i m u l i  ( H a y e s ,  B e n n e t t ,  Newlon and Mayer ,  1 9 7 8 ) ,  
a l t h o u g h  a n i m a l s  do n o t  a lways  seem t o  p e r c e i v e  pa in  i n  t h e  same way 
humans do ( E r i c k s o n  and K i t c h e l l ,  1984) .  I n  a d d i t i o n ,  mammals i n  
p a i n  show c h a r a c t e r i s t i c  b u t  s o m e t i m e s  s u b t l e  b e h a v i o u r s  which  
should  a l l o w  a l e r t  o b s e r v e r s  t o  d e t e c t  t h e  p resence  of  p a i n  (Dubner, 
1983;  Morton and G r i f f i t h s ,  1985) .  We w i l l  n o t  d i s c u s s  t h e s e  i n  
d e t a i l  o t h e r  than t o  s a y  i t  should  be p o s s i b l e  t o  a s s e s s  whether  o r  
n o t  an  o i l e d  m a r i n e  mamma1 i s  s u f f e r i n g .  T h i s  we m u s t  c o n s i d e r ,  
b o t h  i f  we d e c i d e  no t o  t r e a t  an o i l e d  a n i m a l ,  whereupon  i t  may 
s u f f e r  from t h e  i r r i t a n t  e f f e c t s  o f  o i l ,  o r  i f  we d e c i d e  t o  c a p t u r e  
and r e s t r a i n  i t ,  whereupon it may s u f f e r  from t h e  s i m p l e  f r i g h t  o f  
b e i n g  h a n d l e d .  The t r e a t m e n t  and r e h a b i l i t a t i o n  o f  o i l e d  m a r i n e  
mammals i n t o  t h e  w i l d  is more than a  m a t t e r  o f  sc rubb ing  them w i t h  
d e t e r g e n t  o r  s o l v e n t .  I n  most c a s e s  it w i l l  i n v o l v e  conf inement  f o r  
s e v e r a l  weeks  ( i n  t h e  c a s e  o f  p o l a r  b e a r s  s e v e r a l  m o n t h s )  f o r  
t r e a t m e n t  and r e s t o r a t i o n  o f  s k i n  o i l s ,  and probably  t h e  s k i l l e d  u s e  
o f  t r a n q u i l l i z e r s ,  a n t i b i o t i c s  and o t h e r  d r u g s .  F i n a l l y ,  t h e  
i n t e n s e  i n t e r n a t i o n a l  p u b l i c  i n t e r e s t  i n  mar ine  mammals, a long  w i t h  
t h e  c e r t a i n  c l o s e  c o v e r a g e  o f  o i l e d  a n i m a l s  by t e l e v i s i o n ,  w i l l  
b r i n g  s t r o n g  p r e s s u r e  t o  e n s u r e  t h a t  t h e  w e l f a r e  o f  a n i m a l s  a s  
i n d i v i d u a l s  i s  considered .  G u i d e l i n e s  f o r  t h e  humane p h y s i c a l  and 
c h e m i c a l  c a p t u r e ,  a n t i b i o t i c  t h e r a p y  and e u t h a n a s i a  o f  m a r i n e  
mammals a l r e a d y  e x i s t ,  a l t h o u g h  i t  i s  o u t s i d e  t h e  s c o p e  o f  t h i s  
i n t r o d u c t o r y  r e p o r t  t o  d i s c u s s  t h e m ,  and w i l l  u n d o u b t e d l y  f i n d  a  
p l a c e  i n  t h e  management o f  mar ine  mammals a f t e r  f u t u r e  o i l  s p i l l s ,  
6.1 Oil and seals  
The t r u e  o r  phoc id  s e a l s ,  i n c l u d i n g  a l l  s e a l s  i n  t h e  Nor thwes t  
A t l a n t i c ,  a s  w e l l  a s  t h e  s e a  l i o n s  and  t h e  w a l r u s ,  a l l  h a v e  a  
r e l a t i v e l y  s h o r t  c o a r s e  p e l a g e  w i t h  poor  h e a t  c o n s e r v i n g  a b i l i t i e s ,  
and r e l y  r a t h e r  on derma1 and s u b c u t a n e o u s  b l u b b e r  f o r  i n s u l a t i o n .  
The p o s s i b l e  consequence  of o i l  s p i l l a g e  on t h e s e  a n i m a l s  d e s e r v e s  
a t t e n t i o n  b e c a u s e  o f  t h e  g r e a t  numbers  o f  phoc id  s e a l s  found  on t h e  
c o a s t  o f  Norway and S v a l b a r d  and i n  t h e  B a r e n t s  Sea. I n  p a r t i c u l a r ,  
c o l o n i e s  o f  g r e y  and common s e a l s  a r e  found  a l o n g  a l m o s t  t h e  e n t i r e  
N o r w e g i a n  c o a s t l i n e ,  r i n g e d  and  b e a r d e d  s e a l s  i n  t h e  f a s t  i c e  o f  
S v a l b a r d  and d r i f t i n g  pack - i ce  o f  t h e  B a r e n t s  S e a ,  and h e r d s  o f  h a r p  
s e a l s  t h r o u g h o u t  t h e  B a r e n t s  S e a  and  o c c a s s i o n a l l y  a l s o  a l o n g  t h e  
c o a s t s  of n o r t h e r n  Norway. C o n s i d e r i n g  p r e s e n t  t a n k e r  r o u t e s  and t h e  
p r e s e n t  and proposed  d i s t r i b u t i o n  o f  d r i l l i n g  p l a t f o r m s  it is  a l m o s t  
c e r t a i n  t h a t  some  s e a l s  w o u l d  b e  a f f e c t e d  b y  a n y  f u t u r e  o i l  
s p i l l a g e .  
G r e y  and  common s e a l s  were f o u l e d  b y  n u m b e r  s i x  f u e l  o i l  
f o l l o w i n g  t h e  b r e a k i n g  u p  o f  t h e  t a n k e r  z z A r r o w l l  i n  Nova S c o t i a  i n  
1969 .  A r e p o r t  on t h e  e f f e c t  o f  t h i s  s p i l l  on s e a l s  (Anon,  1970) 
was b r i e f  and vague,  b u t  seemed t o  i n d i c a t e  t h a t  some s e a l s  s u f f e r e d  
" c o n s i d e r a b l e  p a i n  and  s u f f e r i n g "  d u e  t o  c o n t a c t  o f  t h e  o i l  w i t h  
e y e s ,  e a r s ,  n o s e ,  m o u t h  a n d  t h r o a t ,  a n d  t h a t  t h e  p r i m e  c a u s e  o f  
d e a t h  f r o m  o i l  w a s  p h y s i c a l  s u f f o c a t i o n ,  T h i s  s u g g e s t s  t h a t  l i v e  
o i l - f o u l e d  s e a l s  we re  o b s e r v e d  a c t i v e l y  r e a c t i n g  t o  t h e  p r e s e n c e  o f  
o i l  b u t  u n f o r t u n a t e l y  d e t a i l s  o f  t h e  o b s e r v a t i o n s  t h a t  l e d  t o  t h e  
i n t e r p r e t a t i o n  o f  p a i n  and s u f f e r i n g  were n o t  l i s t e d .  I n  t h e  c a s e  
o f  d e a d  s e a l s ,  i t  i s  u s u a l l y  n o t  p o s s i b l e  t o  t e l l  i f  a  p a r t i c u l a r  
a n i m a l  w a s  s u f f o c a t e d  b y  o i l ,  b e c a u s e  o i l  may e a s i l y  f i n d  i t s  way 
i n t o  t h e  m o u t h ,  n o s t r i l s  a n d  t h r o a t  a f t e r  d e a t h  d u r i n g  r o l l i n g  i n  
w a v e s ,  If t h e  s e a l s  d e s c r i b e d  a b o v e  were a c t u a l l y  o b s e r v e d  a l i v e  
and  s h o w i n g  s i g n s  o f  p a i n ,  t h e n  t h e  g r e a t e s t  l i k e l i h o o d  i s  t h a t  i t  
was due  t o  t h e  i r r i t a n t  and e r o s i v e  a c t i o n  o f  f r e s h  c r u d e  o i l  on t h e  
p i n n i p e d  eye. The i r r i t a n t  and e r o s i v e  a c t i o n  o f  f r e s h  c r u d e  o i l  on 
t h e  p i n n i p e d  e y e  h a s  b e e n  d e s c r i b e d  b y  S m i t h  a n d  G e r a c i  ( 1 9 7 5 ) .  
T h i s  a c t i o n  i s  m a i n l y  c a u s e d  by  t h e  l i g h t e r  v o l a t i l e  components  of 
t h e  c r u d e  o i l  w h i c h  a r e  a b s e n t  i n  h e a v y  f u e l  o i l ,  b u t  t h e  
p o s s i b i l i t y  r e m a i n s .  If t h e  o i l  w a s  s o  v i s c o u s  t h a t  i t  c o u l d  
f a t a l l y  c l o g  t h e  l a r g e  p i n n i p e d  n o s t r i l  it i s  d i f f i c u l t  t o  v i s u a l i z e  
i t  e n t e r i n g  t h e  na r row p i n n i p e d  e x t e r n a l  e a r  c a n a l  and more d o u b t f u l  
t h a t  i t s  p r e s e n c e  would be  s o  d i s t r e s s f u l  a s  t o  produce  t h e  p a i n  and 
s u f f e r i n g  mentioned.  F u r t h e r ,  o t h e r  c a s e  r e p o r t s  i n v o l v i n g  number 
s i x  f u e l  o i l  ( D a v i s  and  A n d e r s o n ,  1 9 7 6 )  i n d i c a t e  t h a t  a l i v e  a n d  
a l e r t  s e a 1  p r o b a b l y  would n o t  a l l o w  o i l  t o  a c c u m u l a t e  i n  i ts  n o s e  o r  
t h r o a t ,  a s  Anon (1970)  s u g g e s t s ,  b u t  would i n s t e a d  s i m p l y  s w a l l o w  it 
(Babin  and Duguy, 1985). 
To p r e d i c t  t h e  consequences  o f  o i l  p o l l u t i o n  on c o a s t a l  common 
and  g r e y  s e a 1  p o p u l a t i o n s ,  we c a n  u s e  a s  a  m o d e l  t h e  c a s e  o f  o i l  
t h a t  d r i f t e d  i n t o  a  b r e e d i n g  g r e y  s e a 1  c o l o n y  i n  west W a l e s ,  U.K., 
i n  S e p t e m b e r ,  1 9 7 4  ( D a v i s  a n d  A n d e r s o n ,  1 9 7 6 ) .  I n  t h i s  i n c i d e n t ,  
b e a c h e s  i n h a b i t e d  b y  g r e y  s e a l s  b e c a m e  p o l l u t e d  w i t h  f r e s h ,  f l u i d  
c r u d e  o i l  t h a t  w e a t h e r e d  r a p i d l y  t o  t a r .  T w e n t y - f i v e  o f  62  p u p s  
b o r n  became p a r t i a l l y  o r  t o t a l l y  f o u l e d ,  and i n  a d d i t i o n  a  number o f  
a d u l t s .  The a u t h o r s  t h o u g h t  t h a t  mos t  o f  t h e  pups  were  n o t  p o l l u t e d  
d i r e c t l y ,  b u t  t h r o u g h  c o n t a c t  w i t h  t h e i r  m o t h e r s  who h a d  b e c o m e  
t h i c k l y  c o a t e d  b y  o i l  f l o a t i n g  on t h e  s e a .  Some p u p s  b e c a m e  c o a t e d  
d i r e c t l y  t h r o u g h  swimming i n  o i l - c o v e r e d  s h a l l o w  poo l s .  
Cows w e r e  a b l e  t o  l o c a t e  a n d  f e e d  t h e i r  p u p s  s u c c e s s f u l l y  
w h e t h e r  t h e y  were o i l e d  o r  c l e a n ,  s o  t h e  o i l  i t s e l f  d i d  n o t  a p p e a r  
t o  d i s t u r b  n o r m a l  m o t h e r - p u p  r e l a t i o n s .  O i l e d  p u p s  h a d  s m a l l e r  
weaning  w e i g h t s ,  c a u s i n g  some c o n c e r n  f o r  t h e i r  f u t u r e  s u r v i v a l .  The 
a u t h o r s  c o u l d  n o t  d i s c e r n  i f  t h i s  e f f e c t  was d i r e c t l y  due  t o  t h e  o i l  
o r  t o  t h e  a d d i t i o n a l  d i s t u r b a n c e  t h e s e  pups  r e c e i v e d  d u r i n g  c l e a n i n g  
o p e r a t i o n s ,  v e t e r i n a r y  i n s p e c t i o n  a n d  f r o m  v i s i t i n g  o b s e r v e r s ,  I t  
w o u l d  h a v e  b e e n  u s e f u l  t o  s t u d y  l a c t a t i o n  d u r a t i o n  and  f r e q u e n c y ,  
and pup b e h a v i o u r ,  t o  d e c i d e  i f  pups  from o i l e d  m o t h e r s  f e d  a s  o f t e r  
a n d  i n g e s t e d  a s  much m i l k  a s  c l e a n  m o t h e r / p u p  p a i r s ,  i n  c a s e  o i l -  
f o u l i n g  i n t e r f e r e d  w i t h  s u c k i n g  o r  t h e  m i l k  was d i s t a s t e f u l  t o  pups. 
I n c r e a s e d  m e t a b o l i c  r a t e  i n  c o m p e n s a t i o n  f o r  i n c r e a s e d  s k i n  h e a t  
l o s s  c o u l d  a l s o  p r o d u c e  l o w e r  w e a n i n g  w e i g h t s ,  b u t  t h i s  w a s  n o t  
i n v e s t i g a t e d .  T h e r e  were i n s t a n c e s  o f  a d o p t i v e  s u c k l i n g  b y  b o t h  
c l e a n  and f o u l e d  mothers .  
Two o f  t h e  25 o i l e d  p u p s  b e c a m e  s o  h e a v i l y  c o a t e d  t h a t  t h e y  
a p p a r e n t l y  c o u l d  n o t  s w i m  a n d  s o  d r o w n e d .  H o w e v e r ,  t h e  n e o n a t a l  
m o r t a l i t y  r a t e  w a s  h i g h  i n  b o t h  g r o u p s  ( 2 3  o f  58 l i v e  b i r t h s ,  10  
o i l e d  and 13 c l e a n ) .  C o n s i d e r i n g  t h e  h i g h  d e a t h  r a t e ,  t h e  l ow  s a m p l e  
s i z e s  a n d  a l s o  t h e  f a c t  t h a t  a r t i f i c i a l  f a c t o r s  ( f i s h i n g  n e t s )  
c o n t r i b u t e d  t o  d e a t h s ,  it i s  d i f f i c u l t  t o  compare d e a t h  r a t e s  i n  t h e  
two  g roups .  S i x  o f  t h e  o i l e d  pups were n e c r o p s i e d .  None had i n g e s t e d  
o i l ,  s u p p o r t i n g  t h e  c o n c l u s i o n  t h a t  o i l  w a s  n o t  a  d i r e c t  c a u s e  o f  
d e a t h .  
F i v e  o i l e d  p u p s  w e r e  s u c c e s s f u l l y  c l e a n e d  w i t h  a  v a r i e t y  o f  
d e t e r g e n t s  b u t  one  became r e c o a t e d  w i t h  o i l .  The a u t h o r s  c o n c l u d e d  
t h a t  t h e r e  w a s  l i t t l e  j u s t i f i c a t i o n  i n  c l e a n i n g  p u p s  u n l e s s  a l l  
s o u r c e s  o f  r e c o n t a m i n a t i o n  c o u l d  a l s o  b e  t r e a t e d .  Pups c o a t e d  w i t h  
f l u i d  o i l  mou l t ed  t h e i r  n a t a l  c o a t  n o r m a l l y ,  b e g i n n i n g  a t  t h e  head  
and f l i p p e r s  and e x t e n d i n g  o v e r  t h e  body. However, pups f o u l e d  w i t h  
t a r  d i d  n o t  m o u l t  u n t i l  t h e  e n t i r e  h a i r  c o a t  was l o o s e  and r e a d y  t o  
come a w a y ,  d u e  t o  t h e  b i n d i n g  a c t i o n  o f  t h i s  t h i c k e r  o i l .  M o u l t e d  
pups were a l m o s t  o i l - f r e e  b u t  became r e c o n t a m i n a t e d  by  t h e i r  s h e d  
p e l a g e  i f  t h e y  r ema ined  i n  t h e  same p l a c e  a f t e r  mou l t i ng .  
T h i s  i n c i d e n t  d e m o n s t r a t e s  t h a t  f o u l i n g  w i t h  w e a t h e r e d  o i l  h a s  
l i t t l e  a c u t e  e f f e c t  on s u r v i v a l  o f  a d u l t  g r e y  s e a l s  and pre-weaning 
s u r v i v a l  o f  g r e y  s e a 1  p u p s  a s  a  g r o u p ,  w i t h  t h e  e x c e p t i o n  o f  t h e  
d e a t h s  o f  u n l u c k y ,  h e a v i l y  c o a t e d  i n d i v i d u a l s .  I t  d o e s  n o t  s h e d  
l i g h t  on t h e  pos t -weaning  s u r v i v a l  r a t e  among o i l  a f f e c t e d  pups  n o r  
i s  t h e r e  d e s c r i p t i o n  of  p a t h o l o g i c a l  p r o c e s s e s  a c t i n g  on i n d i v i d u a l  
s e a l s  t h a t  c o u l d  b e  u s e d  t o  p r e d i c t  s u c h  s u r v i v a l .  O i l  f o u l i n g  a t  
any  o t h e r  t ime o f  t h e  y e a r  would  c o n t a m i n a t e  o n l y  a d u l t s  and s u b -  
a d u l t s ,  w i t h  probably  even fewer  immedia te  d e a t h s  from t h e  p h y s i c a l  
e f f e c t s  o f  o i l .  The p o s s i b i l i t y  o f  a  more  s e v e r e  a c t i o n  on a n i m a l s  
d u r i n g  t h e  moul t ing  season has  n o t  been i n v e s t i g a t e d  f o r  any s p e c i e s  
o f  s e a l .  
The o i l - f o u l i n g  i n c i d e n t  d e s c r i b e d  by Davis  and Anderson (1976) 
a f f e c t e d  g r e y  s e a l s  b reed ing  on a  sandy beach. I n  Norway g r e y  s e a l s  
mos t ly  breed on l a r g e r  v e g e t a t e d  s k e r r i e s ,  b u t  t h e  r e s u l t  concern ing  
p e r c e n t a g e  o f  a n i m a l s  f o u l e d  would  v e r y  l i k e l y  b e  s i m i l a r .  I n  
a d d i t i o n  t h e  d i s r u p t i o n  o f  c o l o n i e s  by t h e  i n e v i t a b l e  human clean-up 
a c t i v i t y  a f t e r  a  s p i l l  would  f o r c e  a l l  a d u l t s  i n t o  t h e  w a t e r  w i t h  
p o t e n t i a l  f o r  r epea ted  o i l  f o u l i n g  of a d u l t s  and subsequen t ly  pups. 
Cornmon s e a l s  i n  Norway i n h a b i t  a  s i m i l a r  p h y s i c a l  envi ronment  
t o  t h a t  o f  t h e  g r e y  s e a 1  and t h e r e f o r e  cou ld  expec t  s i m i l a r  r e s u l t s  
from o i l  contarninat ion .  Due t o  b e h a v i o u r a l  d i f f e r e n c e s  between t h e  
two s p e c i e s ,  o i l - f o u l i n g  of common s e a 1  would be more e x t e n s i v e  t h a n  
w i t h  g r e y  s e a l s ,  and w i t h  w o r s e  r e s u l t s .  H a r b o u r  s e a 1  p u p s  a r e  
s m a l l e r  w i t h  consequen t ly  a  h i g h e r  s u r f a c e  area- to-weight  r a t i o .  I f  
o i l i n g  occur red  e a r l y  i n  l i f e  b e f o r e  d e p o s i t i o n  o f  b lubber ,  t h e r m a l  
s t r e s s  would be more severe .  Common s e a 1  pups a r e  more p e l a g i c  and 
may e n t e r  t h e  w a t e r  s h o r t l y  a f t e r  b i r t h .  Ex tens ive  heavy c o a t i n g  o f  
pups  c a n  b e  e x p e c t e d  w i t h  a  more  s e v e r e  p h y s i c a l  e f f e c t  and more  
s e a l s  d r o w n i n g  f r o m  s i m p l e  p h y s i c a l  i m p e d i m e n t .  Common s e a 1  p u p s  
suck m i l k  f o r  n e a r l y  one month a s  opposed t o  17 days  f o r  g r e y  s e a l ,  
and h a v e  t h e r e f o r e  a  l o n g e r  p e r i o d  a v a i l a b l e  t o  i n g e s t  r e p e a t e d l y  
s m a l l  amounts of  o i l .  L a c t a t i n g  common s e a l s  a l s o  make r e g u l a r  d a i l y  
f e e d i n g  e x c u r s i o n s  which i n c r e a s e s  t h e  p r o b a b i l i t y  o f  e x t e n s i v e  o i l  
t r a n s f e r  t o  t h e  p e l a g e  o f  t h e  pup. If we c o n s i d e r  t h a t  t h e  h e a v i e s t  
c a s e s  o f  o i l - f o u l i n g  r e p o r t e d  by Davis  and Anderson (1976) were due 
t o  swimming t h r o u g h  f l o a t i n g  o i l ,  t h e n  t h e  e f f e c t s  o f  o i l  on 
b r e e d i n g  common s e a l s  c o u l d  b e  e x p e c t e d  t o  b e  c o n s i d e r a b l y  w o r s e  
t h a n  f o r  g r e y  s e a l s  d u e  t o  t h e  more  p e l a g i c  b e h a v i o u r  o f  t h i s  
s p e c i e s .  
The c o n c l u s i o n  t h a t  e x t e r n a l  o i l i n g  d o e s  n o t  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  a c u t e  m o r t a l i t y  among phocid s e a l s  i s  suppor ted  by 
o t h e r  accoun t s ,  a l t h o u g h  many o f  t h e s e  a r e  u n f o r t u n a t e l y  a n e c d o t a l ,  
p o o r l y  r e p o r t e d  and p o o r l y  i n v e s t i g a t e d .  D a v i e s  ( 1 9 4 9 ,  c i t e d  by 
D a v i s  and A n d e r s o n ,  1 9 7 6 ) ,  o b s e r v e d  g r e y  s e a 1  pups  on t h e  E n g l i s h  
c o a s t  t h a t  w e r e  t h i c k l y  c o a t e d  w i t h  number  s ix f u e l  o i l .  A l t h o u g h  
s o m e  d r o w n e d  d u e  t o  t h e  p h y s i c a l  e n c u m b e r a n c e ,  m o s t  seemed  
u n a f f e c t e d .  H e s s ,  M o r r i s  and D i c k a s o n  ( 1 9 7 0 )  r e p o r t  on an o i l  
p o l l u t i o n  i n c i d e n t  a long  t h e  wes te rn  Alaskan c o a s t  i n  A p r i l ,  1970. A 
s h e e n  o f  u n i d e n t i f i e d  o i l ,  p e r h a p s  number t w o  f u e l  o i l ,  c o n t a c t e d  
some 400 "ha i ra  s e a l s ,  p robab ly  common s e a l s .  Fo l lowing  an a p p a r e n t  
a e r i a l  su rvey ,  t h e s e  s e a l s  were r e p o r t e d  t o  be " a c t i n g  i n  an unusual  
way and had a  w h i t e  g l a z e d  look  i n  t h e i r  eyes" (p. 154),  a l t h o u g h  no 
d e a t h s  were observed.  It was n o t  r e p o r t e d  i f  t h e  s e a l s  had a c t u a l l y  
come i n t o  c o n t a c t  w i t h  t h e  o i l .  Another s l i c k  o f  t h i c k e r  o i l  i n  t h e  
same r e g i o n  c o n t a c t e d  some 500 mar ine  mammals, m o s t l y  phocid s e a l s  
( H e s s  and T r o b a u g h ,  1970) .  Again  no d e a t h s  w e r e  r e p o r t e d ,  a l t h o u g h  
c o n t a m i n a t e d  s k i n s  w e r e  damaged and b r o u g h t  r e d u c e d  p r i c e s  f o r  
hun te r s .  I n  t h e  e a s t e r n  Canadian A r c t i c  o i l - f o u l e d  r i n g e d  s e a l s  a r e  
a p p a r e n t l y  a  s e a s o n a l l y  common o c c u r r e n c e  n e a r  t a n k e r  r o u t e s  (MG 
l l e r - W i l l e ,  1974). No d e t a i l s  ~f b e h a v i o u r a l  o r  p a t h o l o g i c a l  r e s u l t s  
of  t h i s  o i l i n g  a r e  g iven  i n  t h e  r e p o r t .  
The s t u d i e s  o f  g r e y  s e a l s  by  D a v i s  and Anderson  ( 1 9 7 6 )  and 
Davies (1949) i n d i c a t e  t h a t  normal g r e y  s e a 1  pups i n g e s t  l i t t l e  o r  
no o i l  d u r i n g  t h e  r e l a t i v e l y  s h o r t  (14-17 d a y )  l a c t a t i o n  p e r i o d .  
They do n o t  p r o v i d e  i n f o r m a t i o n  a s  t o  w h e t h e r  o i l  h a s  an  e f f e c t  on 
t h e  s k i n  o r  w h e t h e r  o i l  i s  a b s o r b e d  t h r o u g h  s k i n  t o  p r o d u c e  
m e a s u r e a b l e  t i s s u e  l e v e l s .  If p r o l o n g e d  o i l - f o u l i n g  c a u s e s  
d e r m a t i t i s  t h e r e  must  n e c e s s a r i l y  be  a  c o n c u r r e n t  i n c r e a s e  i n  derma1 
b l o o d  f l o w ,  i n c r e a s e d  h e a t  t r a n s f e r  f r o m  t h e  s k i n  and a  r e s u l t a n t  
t h e r m a l  s t r e s s  t o  t h e  a n i m a l .  Van H a a f t e n  (1973)  i n  f a c t  s u g g e s t e d  
t h i s  p o s s i b i l i t y ,  I n  t h i s  c a s e  r e p o r t ,  D u t c h  common s e a l s  showed 
i n f l a m m a t o r y  s k i n  changes under clumps o f  o i l  on t h e  sk in .  However, 
s i m i l a r  s k i n  l e s i o n s  were a l s o  seen  on o t h e r  s e a l s  t h a t  d i d  n o t  have 
o i l  on t h e m ,  s o  t h e  r e l a t i o n s h i p  o f  o i l  t o  s k i n  damage was  n o t  
proven. Recent s u r v e y s  a long  t h e  German and Dutch Wadden Sea c o a s t s  
h a s  r e v e a l e d  t h a t  some 20% of  common s e a 1  have v a r i o u s  s k i n  l e s i o n s ,  
b u t  t h e  o b s e r v a t i o n  has  n o t  been l i n k e d  t o  any c a u s a 1  a g e n t  (S tede ,  
1985).  
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To d a t e  a l l  w e l l - d o c u m e n t e d  c a s e s  o f  o i l  on s e a l s  h a v e  come 
f r o m  t e m p e r a t e  w a t e r s ,  w h e r e  a n y  s u c h  t h e r m a l  s t r e s s  m i g h t  b e  
s u c c e s s f u l l y  c o m p e n s a t e d  f o r .  T h e r e  i s  a  g a p  i n  t h e  k n o w l e d g e  o f  
t h e r m a l  e f f e c t s  o f  o i l - f o u l i n g  o f  s e a l s  i n  i c e .  Apart  from t h e  work 
o f  S m i t h  and G e r a c i  ( 1 9 7 5 ) ,  t h e r e  a r e  v e r y  f e w  c a s e  r e p o r t s  o f  
o i l i n g  o f  s e a l s  i n  A r c t i c  w a t e r s ,  and t h o s e  mentioned above do n o t  
c o n t a i n  enough i n f o r m a t i o n  t o  a s s e s s  even shor t - t e rm o i l  e f f e c t s  on 
h a i r  s e a l s .  
A t  l e a s t  i n  t e m p e r a t e  s e a s ,  o i l - f o u l i n g  o f  n u r s i n g  s e a 1  p u p s  
seems a l s o  n o t  t o  a f f e c t  t h e i r  l o n g e r - t e r m  p o s t - w e a n i n g  s u r v i v a l .  
LeBoeuf ( 1 9 7 1 )  s t u d i e d  a  p o p u l a t i o n  o f  n e o n a t a l  n o r t h e r n  e l e p h a n t  
s e a l s  f o u l e d  by o i l  f r o m  t h e  S a n t a  B a r b a r a  C h a n n e l  o i l  b l o w o u t  i n  
1969. He t a g g e d  5 8  pups  t h a t  w e r e  a t  l e a s t  75% c o v e r e d  i n  o i l  and 
d e t r i t u s ,  and 58 c l e a n  pups,  and f o l l o w e d  s i g h t i n g s  and t a g  r e t u r n s  
over  t h e  subsequent  15 months. His c o n c l u s i o n  was t h a t  t h e  c r u d e  o i l  
which f o u l e d  t h e  weaned s e a l s  llhad no s i g n i f i c a n t  immedia te  nor long  
t e r m  (1-15 m o n t h s  l a t e r )  d e l e t e r i o u s  e f f e c t  on t h e i r  h e a l t h t t  (p.  
280). Had t h e  o i l  come e a r l i e r  when t h e  pups were s t i l l  suck ing ,  i t  
i s  p o s s i b l e  t h e y  would  h a v e  had shown more  s e r i o u s  o i l - r e l a t e d  
e f f e c t s ,  s u c h  a s  r e d u c e d  w e a n i n g  w e i g h t ,  t h a t  would  h a v e  r e d u c e d  
t h e i r  l o n g e r - t e r m  s u r v i v a l  ( s e e  D a v i s  and A n d e r s o n ,  1976 ,  above) .  
The t w o  s i t u a t i o n s  r e p o r t e d  by Le Boeuf ( 1 9 7 1 )  and D a v i s  and 
Anderson (1 976) a r e  n o t  d i r e c t l y  comparable. 
O i l  f r o m  t h e  S a n t a  B a r b a r a  b l o w o u t  i n  1969 a l s o  f o u l e d  t h e  
b e a c h e s  o f  San M i g u e l  and San N i c h o l a s  I s l a n d s ,  w h e r e  some 1000 
C a l i f o r n i a  s e a  l i o n s  bred  t h e  f o l l o w i n g  June (Brownel l  and Le Boeuf, 
1971). While many dead and o i l - f o u l e d  pups were found,  t h e  a u t h o r s t  
c o n c l u s i o n  was  t h a t  t h e  o v e r a l l  d e a t h  r a t e  was no h i g h e r  t h a n  f o r  
p r e v i o u s  y e a r s  and t h a t  ' t contaminat ion  w i t h  c rude  o i l  d i d  n o t  have a  
marked e f f e c t  on pup d e a t h s u .  C a l i f o r n i a  s e a  l i o n s ,  l i k e  p h o c i d  
s e a l s ,  d o  n o t  r e l y  on p e l a g e  f o r  i n s u l a t i o n  b u t  r a t h e r  on b l u b b e r  
(Kooyman, Gentry and McAl i s t e r ,  1976; Kooyman, Davis  and C a s t e l l i n i ,  
1977) .  The h e a t  c o n d u c t a n c e  o f  s e a  l i 0 0  p e l t s  i s  n o t  i n c r e a s e d  by 
<e 
o i l  exposure  a s  happens i n  f o r  example t h e  n o r t h e r n  f u r  s e a 1  and t h e  
s e a  o t t e r ,  w i t h  a  r e s u l % t a n t  s e v e r e  and o f t e n  f a t a l  t h e r m a l  s t ress  
( s e e  below). Had t h e  o i l  washed i n t o  t h e  n o r t h e r n  f u r  s e a 1  b r e e d i n g  
rookery  t h a t  has  s i n c e  been e s t a b l i s h e d  on San Miguel I s l a n d  (Temte, 
1985), t h e  outcome could  have been much more severe .  
The o c e u r r e n c e  o f  d e a d  o i l - f o u l e d  s e a l s  f o l l o w i n g  t h e  S a n t a  
Barbara blowout was w i d e l y  r e p o r t e d  i n  t h e  p r e s s  ( f o r  d i s c u s s i o n  s e e  
B r o w n e l l ,  1971;  Le Boeuf ,  1971)  and h a s  p e r h a p s  l e f t  an  i m p r e s s i o n  
o f  t h a t  blowout a s  a  ma jo r  mar ine  mamma1 d i s a s t e r .  Brownel l  and Le 
Boeuf ( 1 9 7 1 )  do n o t  s a y  t h a t  n o  s e a l s  w e r e  k i l l e d  by o i l .  T h e s e  and 
o t h e r  a u t h o r s  f a c e d  a  d i f f i c i a l t  p r o b l e m ,  n a m e l y  t h e  a c c u r a t e  
d e t e r m i n a t i o n  o f  t h e  c a u s e  o f  death .  I n  s e a 1  r o o k e r i e s ,  r e g a r d l e s s  
o f  l o c a t i o n  and s p e c i e s ,  up t o  50% o f  more  o f  t h e  new y e a r - c l a s s  
d i e s  i n  t h e  r o o k e r y  d u e  t o  s e p a r a t i o n  f r o m  m o t h e r s ,  t r a m p l i n g ,  
s t a r v a t i o n  and d i s e a s e .  The f i n d i n g  t h a t  o i l e d  pups comprised  67% of 
t h e  d e a t h s  a t  San M i g u e l  I s l a n d  was  c o n s i d e r e d  t o  b e  m i s l e a d i n g ,  
because  abandoned pups wander wide ly  i n  s e a r c h  o f  food and s o  have a  
h i g h e r  t h a n  a v e r a g e  c h a n c e  of  b e c o m i n g  f o u l e d  i n  a n  o i l  p o l l u t e d  
environment.  The ve ry  few n e c r o p s i e s  t h a t  were done i n d i c a t e d  t h a t  
none o f  t h e  s e a l s  had i n g e s t e d  o i l ,  s u p p o r t i n g  B r o w n e l l  and Le 
B o e u f ' s  ( 1 9 7 1 )  c o n c l u s i o n .  An a d d i t i o n a l  p r o b l e m  m o r e  s p e c i f i c  t o  
t h e  C a l i f o r n i a  a r e a ,  w h i c h  t h e  a u t h o r s  d i s c u s s ,  i s  t h e  v e r y  h i g h  
l e v e l s  o f  se len ium,  mercury,  and o r g a n i c  i n s e c t i c i d e  c o n c e n t r a t i o n s  
t h a t  h a v e  b e e n  i m p l i c a t e d  a s  a  c a u s e  o f  a  h i g h  i n c i d e n c e  o f  s t i l l  
and p r e m a t u r e  b i r t h s  found  i n  l o c a l  s e a 1  p o p u l a t i o n s  ( G i l m a r t i n ,  
De long ,  S m i t h ,  Sweeny,  DeLappe,  R i s e b r o u g h ,  G r i n e r ,  B a i l e y  and 
P e a k a l l ,  1976) .  I n  s u c h  an  e n v i r o n m e n t  w i t h  a  v e r y  h i g h  " n o r m a l w  
d e a t h  r a t e  (20% of  t h e  pups born d i e  due t o  p remature  p a r t u r i t i o n ) ,  
i t  i s  o f t e n  d i f f i c u l t  t o  s t a t e  w i t h  c o n f i d e n c e  t h a t  a  p a r t i c u l a r  
s e a 1  pup was k i l l e d  by o i l .  
A s  a  summary we c a n  s a y  t h a t  a t  t h e  p o p u l a t i o n  l e v e l  s e a l s  i n  
t e m p e r a t e  s e a s  w i l l  s u r v i v e  t h e  d i r e c t  e f f e c t s  of  o i l  c o n t a m i n a t i o n  
w i t h  few dea ths .  However t h e  outcome i n  c o l d  s e a s  w i t h  s e a s o n a l  o r  
p e r m a n e n t  i c e  c o v e r  i s  n o t  c l e a r ,  n o r  i s  t h e r e  k n o w l e d g e  o f  t h e  
e f f e c t s  o f  o i l  on moul t ing  animals .  The low weaning w e i g h t s  o f  o i l e d  
g r e y  s e a l s  ( D a v i s  and A n d e r s o n ,  1976)  need  t o  b e  e x p l a i n e d  and t h e  
s i g n i f i c a n c e  o f  t h i s  f o r  t h e i r  l o n g - t e r m  s u r v i v a l  n e e d s  
i n v e s t i g a t i o n .  The t h r e a t  t o  s e a 1  p o p u l a t i o n s  d u e  t o  t h e  i n d i r e c t  
a c t i o n s  o f  o i l  s p i l l a g e ,  such a s  d e a t h  of p rey  s p e c i e s ,  should  a l s o  
be  i n v e s t i g a t e d .  
A t  t h e  i n d i v i d u a l  l e v e l ,  t h e r e  i s  n o t  a  g r e a t  d e a l  known o f  t h e  
e f f e c t s  of  o i l  on s e a l s .  Two e x p e r i m e n t s  have been conducted on l i v e  
r i n g e d  and h a r p  s e a l s  u n d e r  summer A r c t i c  c o n d i t i o n s  ( S m i t h  and 
G e r a c i ,  1 9 7 5 ) ,  and o t h e r  s t u d i e s  h a v e  b e e n  done  on i s o l a t e d  p e l t s .  
The f i rs t  p a r t  o f  t h e  Smi th  and Gerac i  (1975) exper imen t  comprised  
s e v e r a l  t r i a l s  - e x p o s i n g  a d u l t  r i n g e d  s e a l s  t o  c r u d e  o i l  f o r  
twenty-four  h o u r s ,  c o a t i n g  n u r s i n g  h a r p  s e a l s  w i t h  c r u d e  o i l  f o r  up 
t o  f o u r  days  and f e e d i n g  o i l  a s  a  b o l u s  t o  weanl ing  ha rp  s e a l s .  The 
second t r i a l  invo lved  exposing a d u l t  r i n g e d  s e a l s  t o  f l o a t i n g  c r u d e  
o i l  i n  warmer w a t e r  f o r  twenty-four  hours ,  a t  l a b o r a t o r y  f a c i l i t i e s  
a t  Guelph U n i v e r s i t y ,  Canada. 
S i x  a d u l t  r inged  s e a 1  were p laced  i n  a  s e a  pen a t  t h e i r  c a p t u r e  
s i t e  and exposed t o  f l o a t i n g  l i g h t  c r u d e  o i l  (dep th  one c e n t i m e t r e )  
f o r  24 h o u r s  a t  w a t e r  t e m p e r a t u r e  7" -gZC,  a f t e r  w h i c h  t h e y  w e r e  
removed t o  c l e a n  water .  The b e h a v i o u r a l  r e a c t i o n  t o  t h e  o i l i n g  was 
d e s c r i b e d .  S e a l s  w e r e  k i l l e d  a t  t w o ,  s i x  and s e v e n  d a y s  p o s t -  
e x p o s u r e ,  and t h e  amount  o f  p e t r o l e u m  u p t a k e  i n t o  v a r i o u s  t i s s u e s  
measured, 
The s e a l s  a p p a r e n t l y  d i d  n o t  r e c o g n i z e  t h e  o i l  a s  f o r e i g n  and 
d i d  n o t  a t t e m p t  t o  avo id  i t ,  and were t o t a l l y  covered w i t h i n  t w e n t y  
m i n u t e s .  The f i r s t  v i s i b l e  e f f e c t  was  e y e  i r r i t a t i o n  ( e x c e s s i v e  
l a c r i m a t i o n ,  b l i n k i n g ,  h e a d  s h a k i n g )  w h i c h  a p p e a r e d  a f t e r  s e v e n  
m i n u t e s  e x p o s u r e  ( G e r a c i  and S m i t h ,  1976).  After 24 h o u r s  t h i s  had 
p r o g r e s s e d  t o  s e v e r e  c o n j u n c t i v i t i s ,  k e r a t i t i s  a n d  c o r n e a l  
u l c e r a t i o n .  A l l  t h e  s e a l s  s u r v i v e d  t h e  e x p o s u r e .  A f t e r  t h r e e  h o u r s  
i n  c l e a n  w a t e r ,  t h e  v i s i b l e  s i g n s  o f  eye  i r r i t a t i o n  had reduced and 
a f t e r  s e v e r a l  d a y s  t h e r e  was  l i t t l e  s i g n  t h a t  t h e  s e a l s  had b e e n  
exposed t o  o i l  a t  a l l .  
Deep body t e m p e r a t u r e  a s  m e a s u r e d  by t e l e m e t r y  r e m a i n e d  
c o n s t a n t  t h r o u g h o u t  t h e  s t u d y ,  a t  f i r s t  g l a n c e  s u g g e s t i n g  no 
i n t e r f e r e n c e  by o i l  on t h e r m o r e g u l a t i o n .  However, no measurement o f  
m e t a b o l i c  r a t e  o r  e s t i m a t e  of  s k i n  h e a t  conductance  was made nor  was 
t h e r e  any h i s t o l o g i c a l  s t u d y  o f  t h e  s k i n  f o r  in f l ammatory  changes. 
S i n c e  s t a b l e  body t e m p e r a t u r e  å s  m e r e l y  an i n d i c a t o r  o f  b a l a n c e  
between h e a t  p r o d u c t i o n  and h e a t  l o s s ,  it does  n o t  by i t se l f  mean a  
l a c k  o f  e f f e c t  o f  o i l  on s e a l  sk in .  While t h e  e x p e r i m e n t s  of Kooyman 
e t  a l .  (1977) i n d i c a t e  t h a t  o å l i n g .  o f  i s o l a t e d  s e a 1  p e l t  d o e s  n o t  
a p p r e c i a b l y  i n c r e a s e  h e a t  l o s s ,  t h e r e  could  i n  f a c t  be a  s u b s t a n t i a l  
i n c r e a s e  i n  t h e  l i v e  a n i m a l  i f  o i l  i s  a n  i r r i t a n t  and c a u s e s  an  
in f l ammatory  r e a c t i o n  i n  t h e  skin .  We a r e  concerned t h a t  t h e  s h o r t  
d u r a t i o n  o f  t h e  o i l  exposure  would n o t  have a l l o w e d  enough t i m e  f o r  
t h e  p o s s i b l e  s k i n  in f l ammatory  e f f e c t s  o f  o i l  t o  become e v i d e n t  and 
f e e l  t h a t  i n  t h i s  p a r t  of  t h e  t r i a l  a  c o n c l u s i o n  was  d r a w n  t o o  
h a s t i l y .  
I n  c o n t r a s t  t o  some r e p o r t s  o f  p h y s i c a l  impairment  o f  movement 
by  h e a v y  f u e l  o i l ,  t h e  l i g h t  c r u d e  o i l  u s e d  h e r e  d i d  n o t  b l o c k  a n y  
body open ings  o r  impede swimming. The e x t e r n a l  e f f e c t s  were conf ined  
t o  t h e  e y e s  and t h e  a u t h o r s  cons ide red  t h e  more v o l a t i l e  f r a c t i o n s  
were p a r t i a l l y  r e s p o n s i b l e .  If s o  t h e  danger  o f  eye  damage would be 
somewhat reduced a f t e r  one o r  two days  o f  w e a t h e r i n g  o f  t h e  o i l .  On 
t h e  o t h e r  h a n d ,  t h e  e y e  e f f e c t s  w e r e  a m e l i o r a t e d  by e x p o s u r e  t o  
c l e a n  w a t e r ,  b u t  i n  a  n a t u r a l  s p i l l  s i t u a t i o n  o i l - f o u l i n g  would  
p e r s i s t  s o  t h a t  e v e n t u a l l y  more s e v e r e  eye e f f e c t s  might  be expected  
t h a n  r e s u l t e d  h e r e .  P a r t i c u l a r l y  t h e  m e n t i o n  o f  "some e v i d e n c e  o f  
c o r n e a l  e r o s i o n  and u l c e r a t i o n H  i s  c o n c e r n i n g .  The a u t h o r s  d o  n o t  
s a y  how t h e y  measured t h e  p resence  o f  u l c e r s  b u t  t h e  u s u a l  way i s  by 
s t a i n i n g  t h e  c o r n e a  w i t h  t h e  d y e  f l u o r e s c e i n .  C o r n e a l  u l c e r s  i n  
a n i m a l s  a r e  a t  b e s t  s l o w  t o  h e a l  and u n t r e a t e d  o f t e n  p r o g r e s s  t o  
c o r n e a l  p e r f o r a t i o n  w i t h  l o s s  o f  s i g h t .  We f e e l  t h e  a u t h o r s  have n o t  
cons ide red  s e r i o u s l y  enough t h i s  a s p e c t  o f  t h e  r e s u l t s .  I n  an a c t u a l  
s p i l l ,  however, t h e  l i g h t e r  f r a c t i o n s  t h a t  would have produced a  l o t  
o f  t h e  eye  darnage would e v a p o r a t e  q u i c k l y  and t h e  eye  e f f e c t s  might  
no t  be  s o  s i g n i f i c a n t .  
The i m m e r s i o n  s t u d y  was r e p e a t e d  a t  G u e l p h  U n i v e r s i t y  a t  a  
t e m p e r a t u r e  o f  1 2 ' ' - 1 4 ' ~  and r e s u l t e d  i n  t h e  d e a t h s  o f  a l l  t h r e e  
s e a l s  u s e d ,  a f t e r  21 ,  60 and 71  m i n u t e s  o f  e x p o s u r e .  I n  t h i s  
e x p e r i m e n t  t h e  s e a l s  r e a c t e d  a l m o s t  i m m e d i a t e l y  t o  t h e  o i l  w i t h  
v i g o r o u s  s h a k i n g ,  e y e  b l i n k i n g  and f o r c e f u l  e x h a l a t i o n  and l o n g  
p e r i o d s  s p e n t  u n d e r w a t e r ,  f o l l o w e d  by l o s s  o f  swimming co-  
o r d i n a t i o n ,  t r e m b l i n g ,  t h r a s h i n g  on t h e  s u r f a c e  and d e a t h .  The 
a u t h o r s  cons ide red  t h a t  t h e  s t r e s s  of  c a p t i v i t y  was c e n t r a l  t o  t h e  
c a u s e  o f  d e a t h .  A n o t h e r  p o s s i b i l i t y  t h e y  d o  n o t  comment on i s  a  
d i r e c t  a c t i o n  o f  t h e  l i g h t e r  c o m p o n e n t s  o f  t h e  o i l  on t h e  c e n t r a l  
nervous  sys tem e s p e c i a l l y  t h e  b r a i n .  The b e h a v i o u r a l  s i g n s  e x h i b i t e d  
by t h e  s e a l s  - t r e m b l i n g ,  t h r a s h i n g  and l o s s  o f  co -o rd ina t ion  - a r e  
a l l  s i g n s  o f  a c u t e  c e r e b r a l  in f l ammat ion ,  which i n t o x i c a t i o n  by t h e  
l i g h t e r  c o m p o n e n t s  o f  o i l  i s  known t o  p r o d u c e .  The a u t h o r s  d o  n o t  
r e c o r d  a p p e a r a n c e  o f  t h e  b r a i n  on n e c r o p s y .  W h i l e  i t  d i f f i c u l t  t o  
e s t i m a t e  t h e  c o n c e n t r a t i o n  of pe t ro leum p r o d u c t s  i n  a i r  ove r  an o i l  
s l i c k  ( G e r a c i  and S t .  Aub in ,  1982), i t  i s  p o s s i b l e  t h e  h o t t e r  
t e m p e r a t u r e  o f  t h e  second experirnent  i n c r e a s e d  t h e  c o n c e n t r a t i o n  o f  
pe t ro leum i n h a l e d  enough t o  be c l i n i c a l l y  s i g n i f i c a n t .  The a u t h o r s  
commented on t h e  "pungent fumes" i n  t h e  s e a 1  pen. The blood p i c t u r e  
o b s e r v e d  i n  t w o  o f  t h e  t h r e e  s e a l s  a f t e r  d e a t h  - l e u c o p e n i a  and 
eos inopen ia  - suppor ted  t h e  p i c t u r e  o f  r e l a t i v e l y  u n s t r e s s e d  a n i m a l s  
s u b j e c t e d  s u d d e n l y  t o  a  s t r e s s f u l  e v e n t  b u t  w a s  o t h e r w i s e  
i n c o n c l u s i v e .  I t  would  h a v e  b e e n  u s e f u l  t o  r e p e a t  t h e  e x p e r i m e n t  
w i t h  w e a t h e r e d  c r u d e  o i l ,  f r o m  w h i c h  t h e  m o s t  t o x i c  e l e m e n t s  had 
evapora ted .  
I n  a  l a t e r  p a p e r  ( G e r a c i  and S m i t h ,  1 9 7 7 ) ,  a b s o r p t i o n  o f  o i l  
i n t o  t h e  body d u r i n g  immers ion i s  d i scussed .  Fo l lowing  necropsy of 
s e a l s  i n  t h e  f i e l d  i m m e r s i o n  t r i a l ,  o i l  was  f o u n d  i n  a l l  t i s s u e s  
e x c e p t  t h e  l u n g s  w h i c h  c o n t a i n e d  t r a c e s  o n l y .  T h e  g r e a t e s t  
c o n c e n t r a t i o n s  w e r e  i n  t h e  u r i n e ,  b i l e  and k i d n e y  ( s e e  a l s o  
E n g e l h a r d t ,  G e r a c i  and S m i t h ,  1977;  E n g e l h a r d t ,  1 9 7 8 ) ,  i n d i c a t i n g  
c o n c e n t r a t i o n  and e x c r e t i o n  t h r o u g h  t h e  l i v e r  and k i d n e y .  Kidney  
damage was  d e t e c t e d  on h i s t o l o g y  i n  t w o  o f  t h e  s e a l s  i n  t h e  f i e l d  
t r i a l  and t h e r e  was a l s o  p o s i b l e  l i v e r  damage, The a u t h o r s  though t  
t h e  l o w  l e v e l  i n  t h e  l u n g s  was d u e  t o  r a p i d  v o l a t i l e  l o s s .  O i l  was 
found  i n  t h e  o r a l  c a v i t y  b u t  n o t  i n  t h e  r e s t  o f  t h e  a l i m e n t a r y  
t r a c t ,  and i t  was c o n c l u d e d  t h a t  t h e  u p t a k e  p a t h  was  t h r o u g h  t h e  
s k i n  and r e s p i r a t o r y  s u r f a c e s  ( E n g e l h a r d t  e t  aa . ,  1 9 7 7 ) ,  a l t h o u g h  
E n g e l h a r d t  (1983)  s u b s e q u e n t l y  m a i n t a i n e d  t h a t  m o s t  o f  t h e  u p t a k e  
o c c u r r e d  t h r o u g h  t h e  a l i m e n t a r y  t r a c t .  T h e r e f o r e  o i l  e f f e c t s  on 
l i v e r  and k idney could  w e l l  be  s i g n i f i c a n t  i n  a  n a t u r a l  s p i l l  where 
a n i m a l s  would remain  c o a t e d  probably  f o r  a t  l e a s t  s e v e r a l  weeks. 
I n  a d d i t i o n  t o  a d u l t  r inged  s e a l ,  weaned whi te-coated  h a r p  s e a 1  
pups  w e r e  c o a t e d  w i t h  t h e  same c r u d e  o i l ,  and t h e  e f f e c t  on 
b e h a v i o u r  and body t e r n p e r a t u r e  n o t e d .  The s e a l s  w e r e  k i l l e d  t h r e e  
and f o u r  days  p o s t - o i l i n g .  No P e s i o n s  were observed under necropsy 
o r  h i s t o p a t h o l o g y ,  nor  were any changes i n  behav iour  observed.  The 
s e a l s  l o s t  we igh t  d u r i n g  t h e  p e r i o d  o f  f a s t i n g  b u t  it is  n o t  s t a t e d  
i f  t h e  r a t e  o f  we igh t  l o s s  was a l t e r e d  a f t e r  o i l i n g .  
The conc lus ion  reached from t h e s e  immers ion t r i a l s  was t h a t  t h e  
e x t e r n a l  e f f e c t s  o f  o i l ,  p a r t i c u l a r l y  i r r i t a t i o n  o f  t h e  e y e s ,  h a s  a  
g r e a t e r  i m p a c t  on p h o c i d  s e a l s  t h a n  d o e s  a b s o r p t i o n ,  and t h a t  o i l .  
does  n o t  pose any t h e r m o r e g u l a t o r y  problems f o r  phocid s e a l s  (Gerac i  
and S m i t h ,  1977) .  W h i l e  t h i s  may b e  t h e  c a s e  f o r  a  b r l e f  s i n g l e  
exposure  t o  o i l ,  t h e  e x p e r i m e n t  does  n o t  s i m u l a t e  a  n a t u r a l  s p i l l ,  
p a r t i c u l a r l y  i n  i c e ,  where s e a l s  would be  re-coated  e v e r y  time t h e y  
e n t e r e d  and l e f t  t h e  w a t e r ,  p o s s i b l y  f o r  s e v e r a l  w e e k s  o r  l o n g e r .  
Cons ide r ing  t h a t  t h e  w e a t h e r i n g  r a t e  o f  o i l  on and under i c e  i s  s low 
( A t l a s  et a., 1978), such  o i l  would c o n t a i n  r e l a t i v e l y  h i g h  amounts 
o f  l i g h t e r  and i r r i t a n t  components. We f e e l  p a r t i c u l a r l y  t h a t  it i s  
premature  t o  conclude  from a  one-day exposure  t h a t  o i l - f o u l i n g  h a s  
no t h e r m o r e g u l a t o r y  e f f e c t  i n  p h o c i d  s e a l s ,  and t h a t  f u r t h e r  
e x p e r i m e n t a l  work i s  n e c e s s a r y  t o  c l a r i f y  t h i s ,  
F i v e  r i n g e d  s e a 1  were each  f e d  f i v e  m i l l i l i t r e s  of  o i l  i n  f i s h  
p e r  d a y  f o r  f i v e  d a y s ,  and t w o  g r o u p s  o f  six n e o n a t a l  h a r p  s e a 1  
r e c e i v e d  25ml and 75ml o i l  a s  a  s i n g l e  dose. T r i t i a t e d  benzene was 
used a s  a  marker molecule.  I n  a  subsequent  t r i a l  (Enge lha rd t ,  1978, 
1982), f o u r  j u v e n i l e  r i n g e d  s e a l s  were f e d  f i v e  m i l l i l i t r e s  o f  o i l  
per  day f o r  f o u r  days ,  w i t h  r a d i o l a b e l l e d  naph tha lene  a s  t h e  marker. 
Pet ro leum c o n c e n t r a t i o n s  i n  a l l  t i s s u e s  and p a r t i c u l a r l y  whole blood 
p e a k e d  on t h e  s e c o n d  d a y  o f  d o s a g e ,  w i t h  h i g h e s t  l e v e l s  i n  t h e  
b lubber  and l i v e r  (Enge lha rd t ,  1983) and t h e n  d e c l i n e d ,  r e a c h i n g  low 
l e v e l s  by 28  d a y s  p o s t - d o s a g e .  T h e r e  was  a  s e l e c t i v e  h a n d l i n g  o f  
d i f f e r e n t  molecules.  Benzene was c o n c e n t r a t e d  much more i n  t h e  l i v e r  
t h a n  naph tha lene ,  f o r  example,  w h i l e  t h e  c o n c e n t r a t i o n s  o f  t h e  two 
i n  o t h e r  t i s s u e s  was s i m i l a r .  
I n  s e a l s  r e c e i v i n g  a  s i n g l e  h i g h  dose ,  o i l  appeared  on t h e  r e a r  
f l i p p e r s  o n e  and o n e - h a l f  h o u r s  a f t e r  i n g e s t i o n .  The l a n u g o  was  
s u b s e q u e n t l y  s t a i n e d  by t h e  o i l y  f a e c e s  b u t  became c l e a n  when t h e  
s e a l s  were t r a n s f e r r e d  manual ly  t o  c l e a n  snow. Fo l lowing  dosage ,  t h e  
s e a l s  g r u n t e d  and g e n e r a l l y  v o c a l i z e d  more than  c o n t r o l s ,  and were 
more a c t i v e  f o r  s e v e r a l  hours  post-dosage (Smith  and G e r a c i ,  1975), 
a l t h o u g h  t h e  a u t h o r s  s u b s e q u e n t l y  s t a t e d  t h e r e  were  Itno b e h a v i o r a l  
a l t e r a t i o n s  i n  any o f  t h e  e x p e r i m e n t a l  a n i m a l s n  (Gerac i  and Smi th ,  
1976) .  T h i s  s e e m s  i n  f a c t  n o t  t o  h a v e  been  t h e  c a s e ,  f o r  t h e  
i n c r e a s e d  v o c a l i z a t i o n  and m o t i o n  i s  a  b e h a v i o u r a l  c h a n g e  t h a t  
s u g g e s t s  a  p a i n  e f f e c t .  T h e r e  w e r e  no d e a t h s  n o r  was t h e r e  a n y  
c o n s i s t e n t  ev idence  o f  damage t o  any organ o r  system. I n  t h e  second 
t r i a l  dosage  r e s u l t e d  i n  d i a r r h o e a  and e x c e s s i v e  p r o d u c t i o n  o f  d a r k  
u r i n e  ( E n g e l h a r d t ,  1982) .  Dosage  was  e v i d e n t l y  s t r e s s f u l  f o r  t h e  
a n i m a l s  a s  evidenced by a  more t h a n  doub l ing  (mean v a l u e )  o f  plasma 
c o r t i s o l  c o n c e n t r a t i o n .  
T h i s  exper imen t  i n d i c a t e s  t h a t  f r e s h  c rude  o i l  a p p l i e d  l o c a l l y  
t o  t h e  g u t  is n o t  s e r i o u s l y  t o x i c  t o  a t  l e a s t  some h a i r  s e a l s ,  even 
i n  r e l a t i v e l y  l a r g e  doses.  Hair  s e a l s  do n o t  groom t h e i r  p e l a g e  and 
n o r m a l  i n d i v i d u a l s  a r e  u n l i k e l y  t o  i n g e s t  much o i l  a f t e r  s u r f a c e  
f o u l i n g .  I n  c o n t r a s t  t o  t h e  a u t h o r s ,  we r e g a r d  t h e  a c u t e  i n g e s t i o n  
s t u d y  on h a r p  s e a l s  a s  p rov id ing  a  s t r o n g  s u g g e s t i o n  t h a t  t h e r e  was 
a  t empora ry  i r r i t a n t  e f f e c t ,  probably  on t h e  g u t ,  t h a t  caused pain .  
While t h e  above e x p e r i m e n t s  s u g g e s t  t h a t  phocids  s e a l s ,  i n  t h e  
s h o r t  term, t o l e r a t e  w e l l  e x p o s u r e  t o  p e t r o l e u m ,  c e r t a i n  c a s e  
r e p o r t s  i n d i c a t e  t h a t  a t  l e a s t  common and g r e y  s e a l s  do o c c a s i o n a l l y  
swal low q u a n t i t i e s  o f  o i l  w i t h  f a t a l  r e s u l t s .  Duguy and Babin (1975, 
1976), P r i e u r  and Duguy (1979) and Babin and Duguy (1985) documented 
a  s e r i e s  o f  s t r a n d i n g s  of g r e y  and harbour  s e a l s  on t h e  French c o a s t  
over  t h e  p a s t  10 y e a r s  which a p p a r e n t l y  r e s u l t e d  d i r e c t l y  from o i l  
i n t o x i c a t i o n .  E igh teen  harbour  s e a l s  and 42 g r e y  s e a l s  were r e scued  
f r o m  b e a c h e s ,  o f  w h i c h  15  h a r b o u r  and 20 g r e y  s e a l s  d i e d .  On 
n e c r o p s y ,  t h e  i n t e s t i n e s  o f  t e n  o f  t h e  35  d e a d  s e a l s  w e r e  f o u n d  t o  
c o n t a i n  pe t ro leum i n  q u a n t i t i e s  up t o  47% by volume of t h e  c o n t e n t s .  
O i l  m e t a b o l i t e s  and t i s s u e  d e s t r u c t i o n  w e r e  f o u n d  i n  a  r a n g e  o f  
o rgans  b u t  t h e  main damage was t o  t h e  s m a l l  i n t e s t i n e  i n  t h e  form of  
i s c h a e m i c  l o c a l  l e s i o n s  c a u s i n g  n e c r o s i s  o f  t h e  m i c r o - v i l l i .  The 
d i a g n o s i s  o f  d e a t h  was " n e c r o t i c  e n t e r i t i s  o f  a  t o x i c  n a t u r e H  (Duguy 
and Babin, 1975). I n  a d d i t i o n ,  t h e r e  was n e c r o s i s  and h a e m o l y s i s  i n  
t h e  l i v e r ,  s e v e r e  pneumonic  c h a n g e s  ( c e l l u l a r  i n f i l t r a t i o n  o r  
" h e p a t i z a t i o n N )  i n  t h e  l u n g s  and h a e m o l y s i s  and t h r o m b i  i n  t h e  
k i d n e y s .  The a u t h o r s  comrnented t h a t  t h e s e  c h a n g e s  w e r e  a l s o  v e r y  
s i m i l a r  t o  t h o s e  seen  i n  b i r d s  a f t e r  o i l i n g .  Four g r e y  s e a l s ,  o i l e d  
t o  v a r i o u s  d e g r e e s ,  w e r e  a l s o  found  s t r a n d e d  and d e a d  a f t e r  t h e  
w r e c k i n g  o f  t h e  llAmoco CadizI1 t a n k e r  o f f  B r e t a g n e .  W h i l e  t h i s  i s  a  
low number, it n o n e t h e l e s s  r e p r e s e n t s  a  c o n s i d e r a b l e  p r o p o r t i o n  of 
French g r e y  s e a l s  (Bonner, 1972). 
What d o  t h e s e  r e s u l t s  mean f o r  Norwegian  s e a l s  f o u l e d  by 
f l o a t i n g  o i l ?  The a v a i l a b l e  i n f o r m a t i o n  i s  t o o  c o n f l i c t i n g  t o  p e r m i t  
a  c l e a r  answer. There would l i k e l y  be few a c u t e  d e a t h s  a f t e r  c o n t a c t  
w i t h  o i l .  Smal l  numbers o f  s e a l s  would p robab ly  d i e  due t o  p h y s i c a l  
encumberance a f t e r  a  heavy f u e l  o i l  s p i l l ,  e s p e c i a l l y  i n  t h e  c a s e  o f  
pups. A c e r t a i n  number would l i k e l y  i n g e s t  enough o i l  t o  d i e ,  b u t  it 
i s  ,not p o s s i b l e  t o  s a y  what p ropor t ion .  More would s u f f e r  p robab ly  
s e r i o u s  d i s c o m f o r t  o r  pa in  due t o  s u b - l e t h a l  i n t o x i c a t i o n .  What may 
b e  s i g n i f i c a n t ,  p a r t i c u l a r l y  i n  w i n t e r ,  i s  s k i n  e f f e c t s  f o l l o w i n g  
c h r o n i c  exposure  t o  o i l .  There i s  some ev idence  t h a t  long-terril o i l  
exposure  i n  phocid s e a l s  may cause  d e r m a t i t i s ,  b u t  t h e r e  needs t o  b e  
e x p e r i m e n t a l  work t o  c l a r i f y  t h i s .  I f  t h i s  i s  t h e  c a s e  t h e n  t h e  
l o n g e r  t e rm r e s u l t s  f o r  bad ly  f o u l e d  s e a l s ,  e s p e c i a l l y  s e a l s  i n t h e  
pack  i c e ,  would  p r o b a b l y  b e  s e r i o u s .  Pups  would  n o t  h a v e  t h e  
n e c e s s a r y  w e i g h t  g a i n  t o  s u s t a i n  l i f e  o v e r  t h e  f i r s t  y e a r ,  and 
a d u l t s  may s u f f e r  f a t a l  f r o s t b i t e .  
6.2 O i l  and fur seals 
I n  c o n t r a s t  t o  t h e  s i t u a t i o n  f o r  p h o c i d  s e a l s  and s e a  l i o n s ,  
t h e r e  i s  v e r y  l i t t l e  k n o w l e d g e  o f  t h e  e f f e c t s  o f  o i l  p o l l u t i o n  on 
fu r - sea l s .  The i n f o r m a t i o n  a v a i l a b l e  s u g g e s t s  t h a t  o i l  p o s e s  a  much 
more  s e r i o u s  t h r e a t  t o  f u r  s e a l s ,  d u e  t o  t h e  t h i n n e s s  o f  t h e  
s u b c u t a n e o u s  b l u b b e r  l a y e r  and i n  t h e  r e l i a n c e  on t h e  i n s u l a t i v e  
p r o p e r t i e s  o f  t h e  f u r  (Enge lha rd t ,  1983). 
Apparent ly  t h e  o n l y  e x p e r i m e n t a l  work on t h e  e f f e c t s  o f  o i l i n g  
on t h e  f u r  s e a l s  i s  t h a t  o f  Kooyman & d. ( 1 9 7 6 ,  1977)  on t h e  
n o r t h e r n  f u r  s e a l .  The p e l t  o f  t h e  f u r  s e a 1  c o n s i s t s  o f  a  d e n s e ,  
s m o o t h  f u r  t h a t  f o r m s  a  g o o d  w a t e r - r e s i s t a n t  b a r r i e r .  H e a t  
c o n d u c t a n c e  o f  i s o l a t e d  b l u b b e r - f r e e  p e l t s  o f  t w o  a d u l t s  was  a  
r e l a t i v e l y  l o w  26 w a t t s ( ~ ) / m * ' / " c  w h i l e  t h a t  o f  a  s i n g l e  pup was  
~ O W / ~ ' . / " C .  The a u t h o r s  q u o t e  S c h e f f e r  ( 1 9 6 2 )  a s  f i n d i n g  a  f u r  
d e n s i t y  f i g u r e  o f  57,000/cmL, w h i l e  pups had on ly  9,000 f i b r e s / c m L .  
T h e  c o n t r o l  c o n d u c t a n c e  o f  t h e  a d u l t  p e l t s  w a s  c o n s i d e r e d  
u n r e a l i s t i c a l l y  h i g h  d u e  t o  t h e  l a c k  o f  a  g r o o m i n g  e f f e c t  u n d e r  
e x p e r i m e n t a l  c o n d i t i o n s .  O i l i n g  t r e a t m e n t ,  c o n s i s t i n g  o f  t h e  
a p p l i c a t i o n  o f  0,02ml P r u d h o e  Bay o i l / c m L  p e l t ,  i n c r e a s e d  h e a t  
c o n d u c t a n c e  by f a c t o r s  o f  2.0 and 1.7, w h i l e  s u b s e q u e n t  c l e a n i n g  
w i t h  d e t e r g e n t  reduced conductance  t o  1.5 t i m e s  t h e  c o n t r o l  value.  
The i n c r e a s e  i n  t h e  conductance  o f  t h e  f u r  s e a 1  p e l t s  was among t h e  
h i g h e s t  o f  a l l  t h e  mar ine  mammaas t e s t e d .  
I n  a d d i t i o n  t o  i s o l a t e d  p e l t s ,  t h r e e  n o r t h e r n  f u r  s e a l s  w e r e  
o i l e d  w i t h  Prudhoe Bay c rude  o i l .  The o i l i n g  t r e a t m e n t  c o n s i s t e d  o f  
b r u s h i n g  180-180 m l  o i l  o n t o  t h e  p e l a g e  o f  t h e  n e c k  and mid-back ,  
c o v e r i n g  some 30% of  t h e  t o t a l  p e l a g e  s u r f a c e .  O i l i n g  was l i g h t  
enough t h a t  t r e a t e d  p e l a g e  was i n d i s t i n g u i s h a b l e  f r o m  u n t r e a t e d .  
Con t ro l  v a l u e s  f o r  r e s t i n g  m e t a b o l i c  r a t e  i n  c o l d  w a t e r  ( 6 ' ~ )  were 
v e r y  h i g h ,  a b o u t  t w o  and a  h a l f  t i m e s  t h a t  e x p e c t e d  f o r  a  l a n d  
mamma1 of  s i m i l a r  s i z e .  Fo l lowing  t h e  s i n g l e  o i l i n g ,  m e t a b o l i c  r a t e  
i n c r e a s e d  by a  mean o f  50% and r e m a i n e d  a t  t h i s  l e v e l  f o r  a t  l e a s t  
two weeks. Cleaning w i t h  e i t h e r  d e t e r g e n t  o r  s o l v e n t  d i d  n o t  reduce  
m e t a b o l i c  r a t e ;  s o l v e n t  c l e a n i n g  i n  f a c t  seemed t o  w o r s e n  t h e  
c o n d i t i o n ,  perhaps  by d e p l e t i n g  n a t u r a l  f u r  o i l s .  
One o f  t h e  a n i m a l s  exper ienced  ext rernely  heavy l o s s  o f  h a i r  and 
u n d e r f u r  a b o u t  t w o  weeks  a f t e r  o i l i n g .  A l l  a n i m a l s  were v e r y  
r e l u c t a n t  t o  e n t e r  t h e  w a t e r ,  and when i n  t h e  w a t e r  would s w i m  w i t h  
a s  much body s u r f a c e  a s  p o s s i b l e  exposed t o  a i r .  
E v i d e n t l y  a  s i n g l e  o i l - f o u l i n g  i s  a  s e r i o u s  e v e n t  f o r  t h e  
n o r t h e r n  f u r  s e a 1  and p r o b a b l y  f o r  a l l  f u r  s e a l s .  The a u t h o r s  
doubted t h a t  o i l e d  a n i m a l s  could  s u s t a i n  t h e m s e l v e s  f o r  ve ry  long  i n  
c o l d  w a t e r ,  e s p e c i a l l y  c o n s i d e r i n g  t h e  e x p e r i m e n t a l  t r e a t m e n t  was 
very m i l d  compared t o  what could  be  expected  a f t e r  a  t r u e  o i l  s p i l l .  
Two e v e n t s  t h e  a u t h o r s  d i d  n o t  i n v e s t i g a t e  were (1)  t h e  l o s s  of h a i r  
f rom one  o f  t h e  s e a l s  and (2)  t h e  p ro longed  e f f e c t  o f  o i l  t r e a t m e n t ,  
b o t h  o f  w h i c h  may i n d i c a t e  a  s k i n  i n f l a m m a t o r y  r e a c t i o n  t o  o i l .  
S m i t h  a n d  G e r a c i  (1975)  s h o w e d  t h a t  o i l  a t  l e a s t  f r o m  t h e  o u t e r  
p e l a g e  c a n  b e  w a s h e d  o f f  q u i c k l y  b y  e x p o s u r e  t o  c l e a n  w a t e r .  
C o n s i d e r i n g  t h a t  t h e  o i l  w a s  n o t  v i s i b l e  on  t h e  c o a t  o f  t h e  s e a l s ,  
it would n o t  have  been e a s y  t o  e s t i m a t e  t h e  amount  o f  o i l  r e m a i n i n g  
a f t e r  t w o  w e e k s ,  b u t  t h i s  s h o u l d  h a v e  b e e n  d o n e  i n  o r d e r  t o  
i n v e s t i g a t e  t h e  p r o l o n g e d  n a t u r e  o f  t h e  m e t a b o l i c  r a t e  i n c r e a s e .  
S e v e r e  l o s s  o f  h a i r  i s  a t  l e a s t  s u g g e s t i v e  o f  a n  i n f l a m m a t o r y  
r e a c t i o n ,  b u t  a p p a r e n t l y  no  s k i n  h i s t o l o g i c a l  i n v e s t i g a t i o n  was  
c a r r i e d  o u t .  
O i l - f o u l e d  p o l a r  b e a r s  and  o t t e r s  i n g e s t  l a r g e  q u a n t i t i e s  o f  
o i l  d u r i n g  grooming  ( s e e  below).  The amount  a  f u r  s e a 1  would i n g e s t  
i s  unknown ,  b u t  some  d e g r e e  o f  i n g e s t i o n  c o u l d  b e  e x p e c t e d .  The  
i n t e r n a l  a c t i o n s  o f  o i l ,  which  have  been shown t o  b e  s e v e r e  i n  p o l a r  
b e a r s  and  common s e a l s ,  t h e r e f o r e  n e e d s  c o n s i d e r a t i o n  a l s o  i n  f u r  
s e a l s .  B e c a u s e  f u r  s e a l s  a r e  n o t  f o u n d  i n  N o r w e g i a n  s e a s ,  t h e s e  
a n i m a l s  w i l l  n o t  b e  c o n s i d e r e d  f u r t h e r  i n  t h i s  r e p o r t .  
6 . 3  Oil and the walrus 
To o u r  k n o w l e d g e  n o  s t u d y  o f  t h e  e f f e c t s  o f  n a t u r a l  o r  
e x p e r i m e n t a l  o i l  p o l l u t i o n  on t h e  w a l r u s  o r  i t s  p r e y  s p e c i e s  h a s  
e v e r  been r e p o r t e d ,  n o r  h a s  t h e r e  been  any  e x p e r i m e n t a l  s t u d y  o f  t h e  
s u b j e c t .  The  s u b j e c t  d e s e r v e s  s t u d y ,  b e c a u s e  t h e  w a l r u s  i s  s t i l l  
r e g a r d e d  a s  a  t h r e a t e n e d  s p e c i e s  due  t o  t h e  e f f e c t s  o f  p a s t  h u n t i n g ,  
and b e c a u s e  i t s  r a n g e  o v e r l a p s  l e a s e s  f o r  Norwegian o i l  p r o s p e c t i n g  
i n  t h e  B a r e n t s  Sea. 
Kooyman e t  a l .  (1977) m e a s u r e d  t h e  t h e r m a l  c o n d u c t a n c e  o f  a  
s i n g l e  b l u b b e r - f r e e  w a l r u s  p e l t .  The c l e a n  s k i n ,  which  was h a i r l e s s  
a n d  n e a r l y  f i v e  c e n t i m e t r e s  t h i c k ,  h a d  t h e  l o w e s t  t h e r m a l  
c o n d u c t a n c e  of  a n y  s e a l .  I n  a d d i t i o n ,  t h e  s u b - c u t a n e o u s  b l u b b e r  
l a y e r  would f u r t h e r  r e d u c e  t h e r m a l  c o n d u c t i o n ,  The c o n c l u s i o n  may be  
d r a w n  t h a t  t h e  w a l r u s  i s  t h e r e f o r e  f a i r l y  r e s i s t a n t  t o  t h e  s h o r t -  
t e r m  t h e r m a l  e f f e c t s  o f  o i l i n g  d u e  t o  t h e  l o w  c o n d u c t a n c e  of  t h e  
t h i c k  s k i n ,  t h e  t h i c k  b l u b b e r  l a y e r  and t h e  l a r g e  body s i z e .  
6.4 O i l  and the polar bear 
The p o l a r  b e a r ,  by  i t s  e x i s t e n c e  i n  f a s t - i c e  and d r i f t - i c e  
a r e a s ,  i t s  s t r o n g  swimming a b i l i t i e s  and i t s  dependence on s e a l s  f o r  
s u s t e n a n c e ,  q u a l i f i e s  a s  a  mar ine  mamma1 i n  eve ry  sense .  Because of  
i t s  l o n g  s e a s o n a l  m i g r a t i o n s  o v e r  i c e  a n d  i t s  w i d e s p r e a d  
d i s t r i b u t i o n ,  i t  would  v e r y  l i k e l y  b e  a f f e c t e d  b y  a n y  s eve re  o i l -  
s p i l l  i n  a  s e a - i c e  a r e a .  B e c a u s e  i c e  o c c u r s  i n  t h a t  p a r t  o f  t h e  
Baren t s  Sea covered by t h e  B a r e n t s h a v e t  Syd l e a s e  from February  t o  
A p r i l ,  it i s  i m p o r t a n t  t o  c o n s i d e r  t h e  known e f f e c t s  of  o i l  i n  t h i s  
s p e c i e s .  I n  a  s p i l l  s i t u a t i o n ,  b e a r s  m i g h t  become c o n t a m i n a t e d  b y  
swimming i n  o i l  c o n c e n t r a t e d  i n  open w a t e r  l e a d s  among d r i f t - i c e ,  by 
o i l  s p l a s h e d  o n t o  t h e  s u r i a c e  o f  f l o e s  o r  by  e a t i n g  o i l e d  s e a l s ,  
T h i s  o i l i n g  c o u l d  b e  e x p e c t e d  t o  h e a v i l y  c o a t  t h e  p e l a g e ,  
A l t e r n a t e l y ,  b e a r s  could  be f o u l e d  even s e v e r a l  y e a r s  a f t e r  a  s p i l l  
by o i l ,  o r i g i n a l l y  t r a p p e d  u n d e r  and i n  i c e ,  t h a t  l e a c h e d  upward  
o n t o  t h e  i c e  s u r f a c e  d u r i n g  t h e  f o l l o w i n g  summers. Cons ide r ing  t h a t  
t h e  w a t e r  i n  t h e  s u r r o u n d i n g  l e a d  s y s t e m  m i g h t  i n  t h i s  c a s e  b e  
c l e a n ,  t h e  f o u l i n g  might  be less s e v e r e  and p a r t i a l l y  removed d u r i n g  
swimming.  To o u r  k n o w l e d g e ,  t h e r e  h a v e  n e v e r  b e e n  a n y  r e g o r t s  0% 
o i l - f o u l i n g  of  p o l a r  b e a r  a f t e r  a c t u a l  o i l  s p i l l s ,  b e c a u s e  t h e r e  
h a v e  n o t  been  t o  d a t e  a n y  s u c h  m a r i n e  a c c i d e n t s  i n  a  t r u e  s e a - i c e  
a r e a .  However ,  t h e  e x p e r i m e n t a l  e f f e c t s  o f  c r u d e  o i l  on t h e  p o l a r  
b e a r  h a v e  b e e n  i n v e s t i g a t e d  b y  N.A.  Ø r i t s l a n d  ( 1 9 7 6 1 ,  N e A B  
Ø r i t s l a n d ,  E n g e l h a r d t ,  J u c k ,  H u r s t  and W a t t s  ( 1 9 8 1 )  and H u r s t  and 
N.A. Ø r i t s l a n d  ( 1  982).  
I n  t h e i r  f i r s t  i n v e s t i g a t i o n ,  t h e  h e a t  conductance  o f  i s o l a t e d  
s e c t i o n s  o f  p o l a r  b e a r  p e l t  was m e a s u r e d  i n  a i r  b e f o r e  and a f t e r  
o i l i n g  i n  a w a t e r  b a t h  covered by a  one c e n t i m e t r e  t h i c k  o i l  l a y e r ,  
I n  c o n t r a s t  t o  s e a  o t t e r  pe lage  t h a t  t r a p s  a  l a y e r  of  a i r  bubb les  i n  
t h e  u n d e r f u r  d u r i n g  i m m e r s i o n ,  p o l a r  b e a r  f u r  a l l o w s  w a t e r  t o  
p e n e t r a t e  t o  t h e  s k i n  and t r a p s  i n s t e a d  a  l a y e r  o f  s t a g n a n t  w a t e r ,  
c r e a t i n g  a  "wet-sui t"  e f f e c t  (Hurs t  and Ø r i t s l a n d ,  1982). Fo l lowing  
o i l i n g ,  t h e  conductance  o f  t h e  p e l t s  r o s e  by f a c t o r s  of  between two 
and f i v e ,  and by a  h i g h e r  f a c t o r  when s u b j e c t e d  t o  wind. Dis tu rbance  
of  conductance  was g r e a t e r  a t  l o w e r  ambient  t e m p e r a t u r e s  due t o  t h e  
h i g h e r  v i s c o s i t y  of  t h e  o i l .  L i g h t e r  o i l ,  f o r  example Norman Wel l s  
c rude ,  and o i l  a t  h i g h e r  t e m p e r a t u r e s ,  had a  less s e r i o u s  e f f e c t  on 
conductance  because  i t  was more f l u i d  and consequen t ly  had l e s s  of  a  
m a t t i n g  a c t i o n  on t h e  pelage.  A second env i ronmenta l  f a c t o r  t o  have 
an e f f e c t  on t h e  o i l e d  p e l t s  was s o l a r  r a d i a t i o n .  S o l a r  h e a t  
a b s o r p t i o n  by t h e  p e l t  was g r e a t l y  i n c r e a s e d  by o i l i n g ,  s u g g e s t i n g  a  
d a n g e r  o f  e x c e s s i v e  h e a t  l o a d i n g  i n  w i l d  o i l - f o u l e d  b e a r s  on warm 
s t i l l  d a y s .  However ,  o i l e d  b e a r s  would  p r e s u m a b l y  e n t e r  w a t e r  if 
t h e y  f e l t  hot .  
The second exper imen t  i n v e s t i g a t e d  t h e  e f f e c t  of  c r u d e  o i l  on 
l i v e ,  sub-adu l t  p o l a r  bears .  Three a n i m a l s  were used,  two males  and 
one female .  The o i l - f o u l i n g  t r e a t m e n t  c o n s i s t e d  of  f o r c i n g  t h e  b e a r s  
i n t o  a  pool  of s a l t w a t e r  a t  o ' c - ~ " C ,  which was covered w i t h  a  l a y e r  
o f  Midale c rude  o i l  one c e n t i m e t r e  t h i c k .  The o i l  had been weathered  
f o r  36 h o u r s .  T h i s  t h i c k n e s s  o f  o i l  c o r r e s p o n d s  w e l l  t o  t h a t  b e a r s  
would  b e  e x p o s e d  t o  i n  a s e a - i c e  e n v i r o n m e n t .  The f i r s t  b e a r  
r e c e i v e d  I S  minu tes  o i l  exposure  and became coa ted  w i t h  gkg o i l ,  o r  
6.2% of  t h e  body weight .  The a r e a s  most s e v e r l y  fou led  were t h e  l e g s  
and s h o u l d e r s  where o i l  p e n e t r a t e d  down t o  t h e  sk in .  While washing 
a p p a r e n t l y  c l eaned  t h e  p e l t ,  i t  s u b s e q u e n t l y  became f o u l e d  a g a i n  due 
t o  o u t w a r d  r e - d i s t r i b u t i o n  o f  o i l  f r o m  d e e p e r  l a y e r s .  The s e c o n d  
b e a r  f o u r  was o i l e d  f o r  30 m i n u t e s  and adsorbed 27kg o i l  which was 
a b o u t  18% o f  t h e  body w e i g h t .  The t h i r d  b e a r  w h i c h  r e c e i v e d  5 3  
m i n u t e s  e x p o s u r e ,  a b s o r b e d  21kg o i l  r e p r e s e n t i n g  13% o f  t h e  body 
w e i g h t .  Much o f  t h e  s u p e r f i c i a l  o i l  was  removed by g r o o m i n g  and 
t h r o u g h  c o n t a c t  w i t h  snow and l i t t e r ,  b u t  t h e  d e e p e r  o i l  was 
r e t a i n e d  ( E n g e l h a r d t ,  1980) .  Grooming a l s o  s p r e a d  t h e  o i l  more  
evenly  over  t h e  p e l a g e  s u r f a c e .  The t h r e e  b e a r s  were washed 17 days  
p o s t - o i l i n g .  
The e x p e r i m e n t a l  s i t u a t i o n  d i d  n o t  a l l o w  t h e  b e a r s  f r e e  c h o i c e ;  
t h e y  were f o r c e d  t o  e n t e r  t h e  o i l  pool.  When conf ron ted  w i t h  c r u d e  
o i l ,  h o w e v e r ,  t h e  b e a r s  showed no o b v i o u s  a v e r s i o n  t o  i t  (N.A. 
Ø r i t s l a n d  e t  a l . ,  1981) .  F o l l o w i n g  e m e r g e n c e  f r o m  t h e  p o o l ,  t h e  
b e a r s  began t o  l i c k  t h e i r  f u r  immedia te ly  and con t inued  grooming f o r  
s e v e r a l  h o u r s ,  p a r t i c u l a r l y  t h e i r  f o r e q u a r t e r s  ( J u c k ,  1980) .  They 
a l s o  l i c k e d  o i l  f r o m  w a l l s  and o t h e r  s t r u c t u r e s .  V o m i t i n g  and 
diari-hoea began w i t h i n  12 h s u r s  of  exposure.  A n a l y s i s  of  t h e  v o m i t u ~  
s h o w e d  t h a t  i t  c o n s i s t e d  o f  b e t w e e n  5 2 %  a n d  6 0 %  c r u d e  o i l  
( E n g e l h a r d t ,  1980)  and t h a t  t h e  some o f  t h e  l i g h e s t  m o l e c u l e s  ( f o r  
e x a m p l e  b e n z e n e )  had b e e n  q u i c k l y  a b s o r b e d  by t h e  body. S i m i l a r  
a n a l y s i s  o f  f a e c e s  a l s o  showed l a r g e  q u a n t i t i e s  of o i l  (up t o  90% by 
v o l u m e ) ,  and l o s s  i n  t h e  f a e c e s  was t h e  p r e d o m i n a n t  r o u t e  o f  
h y d r o c a r b o n  r e m o v a l  ( E n g e l h a r d t ,  1980) .  T h e r e  c o n t i n u e d  t o  b e  o i l  
and f u r  i n  t h e  stomach c o n t e n t s  f o r  up t o  f i v e  weeks a f t e r  exposure ,  
d u e  t o  g r o o m i n g  a c t i v i t y  ( u p  t o  3.7% o f  f a e c a l  b u l k ) .  The o i l  
t r apped  deeper  i n  t h e  p e l t  remained a  s o u r c e  of  f o u l i n g ,  i n d i c a t i n g  
t h a t  e v e n  a f t e r  a  s i n g l e  b r i e f  i m m e r s i o n  p o l a r  b e a r s  would  b e  
exposed t o  c o n s t a n t  a l t h o u g h  d e c r e a s i n g  l e v e l s  of  o i l  f o r  a  month o r  
more. Due probably  t o  t h e  d e h y d r a t i o n  r e s u l t i n g  from t h e  d i a r r h o e a  
and vomi t ing ,  snow i n t a k e  i n c r e a s e d  s u b s t a n t i a l l y .  
The i n g e s t e d  o i l ,  and p e r h a p s  a l s o  t h e  e x t e r n a l  o i l ,  was 
a b s o r b e d  b y  t h e  b e a r s  a n d  f o u n d  i n  t h e  b l o o d .  P l a s m a  o i l  
c o n c e n t r a t i o n s  r e a c h e d  a  peak  i n  t h e  f i r s t  week ( 3 1 - 3 6 > 1 / 1 )  and 
g r a d u a l l y  d e c r e a s e d  o v e r  t h e  s u b s e q u e n t  f o u r  t o  f i v e  w e e k s ,  t o  
c o n c e n t r a t i o n s  o f  a  few >1/1. However, any new i n g e s t i o n  o f  o i l ,  f o r  
e x a m p l e  o f  o i l  f o u n d  i n  t h e  l i t t e r ,  would  p r o d u c e  new p e a k s  i n  
p l a s m a  c o n c e n t r a t i o n  ( E n g e l h a r d t ,  1980). Concerning o t h e r  t i s s u e s ,  
v e r y  h i g h  l e v e l s  w e r e  f o u n d  i n  bone  m a r r o w ,  b r a i n  ( t o  3 2 5 > 1 / 1 )  and 
k idney,  t h e n  i n  descending o r d e r  i n  l i v e r ,  l u n g ,  s k e l e t a l  and h e a r t  
m u s c l e .  S u r p r i s i n g l y ,  no  r e s i d u e s  were f o u n d  i n  b l u b b e r  o r  o t h e r  
f a t .  
I n t e r n a l l y ,  t h e  m a i n  d e f e c t  w a s  n e p h r o s i s  o r  k i d n e y  d a m a g e  
( Juck ,  1980) l e a d i n g  t o  r e n a 1  i n s u f f i c i e n c y  ( i n s u f f i c i e n t  a b i l i t y  of 
t h e  k i d n e y s  t o  f i l t e r  b lood) .  T h i s  d e f e c t  was produced  a t  two  l e v e l s  
- p r e - r e n a 1  and r e n a l .  The p r e - r e n a 1  i n s u f f i c i e n c y  was d u e  s i m p l y  t o  
t h e  b e a r s  b e i n g  t o o  s i c k  t o  d r i n k  a d e q u a t e l y ,  l e a d i n g  t o  
d e h y d r a t i o n ,  l o w e r e d  b l o o d  v o l u m e  ( h a e m o c o n c e n t r a t i o n ) ,  a n d  
t h e r e f o r e  i n s u f f i c i e n t  b l o o d  p r e s s u r e  t o  p e r f u s e  t h e  k i d n e y s .  The  
r e n a 1  i n s u f f i c i e n c y  was due  t o  d i r e c t  k i d n e y  damage by t h e  o i l .  The 
end  r e s u l t  o f  b o t h  p r o c e s s e s  was  u r a e m i a  ( b u i l d u p  o f  u r e a  i n  t h e  
b o d y ) ,  d e h y d r a t i o n  a n d  h a e m o c o n c e n t r a t i o n .  I n  a d d i t i o n  t h e  k i d n e y  
d a m a g e  l e d  t o  a n  i n a b i l i t y  t o  m a i n t a i n  n o r m a l  b l o o d  e l e c t r o l y t e  
b a l a n c e ,  w i t h  a  r e t e n t i o n  of p o t a s s i u m  and abnorma l  l o s s  o f  sodium. 
T h e r e  w a s  o i l  p r e s e n t  i n  t h e  u r i n e  f o r  t h e  d u r a t i o n  o f  t h e  
e x p e r i m e n t a l  p e r i o d .  E x t r a - r e n a 1  p a t h o l o g y  s e c o n d a r y  t o  t h e  u r a e m i a  
i n c l u d e d  u l c e r a t i o n  o f  t h e  t o n g u e  a n d  o e s o p h a g u s ,  s t o m a c h  
h a e m o r r h a g e ,  g u t  i n f l a m m a t i o n  and  d e g e n e r a t i o n  o f  t h e  b r a i n  a n d  
l i v e r .  
The  o i l  had  a  d i r e c t  a c t i o n  on t h e  b l o o d  s y s t e m .  Bone m a r r o w  
t i s s u e  was  d e s t r o y e d ,  p r e v e n t i n g  f o r m a t i o n  o f  new b lood  c e l l s .  J u c k  
(1980)  t h o u g h t  t h i s  r e s u l t  was  d u e  p a r t i c u l a r l y  t o  t h e  b e n z e n e  
component  o f  t h e  o i l ,  C i r c u l a t i n g  r e d  b lood  c e l l s  were a l s o  d i r e c t l y  
d e s t r o y e d ,  l e a d i n g  t o  a  n o n - r e g e n e r a t i v e  a n a e r n i a .  T h e r e  w a s  a 
r e s u l t a n t  r e d u c t i o n  o f  t h e  h a e m a t o c r i t  f r o m  a p p r o x i r n a t e l y  50% p r e -  
e x p o s u r e  t o  be tween  14% and 30% a f t e r  f i v e  weeks. C o n s i d e r i n g  t h a t  
t h e r e  was h a e m o c o n c e n t r a t i o n ,  t r u e  b lood  c e l l  volurne would have  been  
e v e n  l o w e r .  Hae rnog lob in  a n d  b i l i r u b i n ,  p r o d u c t s  o f  r e d  c e l l  
breakdown,  accumula t ed  i n  t h e  k i d n e y  d u r i n g  a t t e m p t e d  c l e a r a n c e  f rom 
t h e  b lood ,  and would p r o b a b l y  have  c o n t r i b u t e d  t o  t h e  k i d n e y  damage. 
The  b l o o d  p i c t u r e  o f  t h e  f i r s t  b e a r ,  t h e  o n l y  b e a r  n o t  t o  d i e ,  
r e t u r n e d  t o  no rma l  a f t e r  f i v e  months o f  t r e a t m e n t .  
About two  breeks p o s t - o i l i n g ,  s i g n s  o f  b r a i n  d y s f u n c t l o n  began 
t o  appear ,  which became p r o g r e s s i v e l y  worse and u l t i m a t e l y  caused 
t h e  d e a t h s  o f  two an imals .  
The e x t e r n a l  e f f e c t s  o f  t h e  o i l i n g  w e r e  a l s o  s e v e r e .  Bear  
number  t h r e e  (53  m i n u t e s  e x p o s u r e )  l o s t  p e l a g e  f r o m  t h e  b a c k ,  and 
t h e  r e m a i n i n g  b a c k  h a i r  was l o o s e  and e a s i l y  r e m o v a b l e .  I n  b o t h  
b e a r s  number  t w o  and t h r e e  t h e r e  was e v i d e n c e  o f  s k i n  i r r i t a t i o n  
( h y p e r k e r a t o s i s  o r  a b n o r m a l  p r o l i f e r a t i o n  and t h i c k e n i n g  o f  t h e  
B 
e p i d e r m i s )  ( J u c k ,  1980) .  
There were changes i n  metabol ism and body and s k i n  t e m p e r a t u r e  
f o l l o w i n g  o i l  exposure  ( H u r s t ,  N.A. Ø r i t s l a n d  and Wat t s ,  1982) t h a t  
i n d i c a t e d  s e v e r e  t h e r m a l  s t r e s s  t o  t h e  an imals .  Oxygen consumption 
( m e t a b o l i c  r a t e )  d u r i n g  b o t h  r e s t  and e x e r c i s e  i n c r e a s e d  between 24% 
and 86% f o l l o w i n g  o i l i n g  a s  c o m p e n s a t i o n  f o r  d e c r e a s e d  s k i n  
i n s u l a t i o n  and i n c r e a s e d  s k i n  h e a t  l o s s .  N.A. Ø r i t s l a n d  g& a. 
( 4 9 8 1 )  s u g g e s t e d  a l s o  t h a t  some o f  t h e  i n c r e a s e  i n  m e t a b o l i c  r a t e  
c o u l d  h a v e  b e e n  d u e  t o  a d i r e c t  c e n t r a l  p y r o g e n i c  e f f e c t  o f  some 
c o m p o n e n t s  o f  t h e  o i l .  F u r t h e r  e v i d e n c e  o f  t h e r m a l  s t r e s s  was 
p r o v i d e d  by f r e q u e n t  o c c u r r e n c e s  of  s e v e r e  o r  v i o l e n t  s h i v e r i n g .  
Even w i t h  t h e s e  compensat ions ,  one of t h e  b e a r s  could  n o t  m a i n t a i n  
n o r m a l  d e e p  body t e m p e r a t u r e  a f t e r  o i l i n g .  A r t i f i c a l l y  g e n e r a t e d  
wind reduced deep body t e m p e r a t u r e  c o n s i d e r a b l y  more a f t e r  o i l i n g ,  
s u g g e s t i n g  t h a t  i n  n a t u r e  p o l a r  b e a r s  would have g r e a t  d i f f i c u l t y  i n  
c o u n t e r i n g  t h e  t h e r m a l  s t r e s s  o f  o i l - f o u l i n g .  Skin  t e m p e r a t u r e s  r o s e  
i n  a l l  b e a r s ,  w h e r e a s  a  f a l l  would b e  e x p e c t e d  i n  a  t h e r m a l  s t r e s s  
s i t u a t i o n .  The a u t h o r s  sugges ted  t h a t  t h e  observed t e m p e r a t u r e  r ise 
was a  r e s u l t  o f  t h e  i r r i t a n t  in f l ammatory  e f f e c t  o f  t h e  o i l  on t h e  
sk in .  Both t h e  m e t a b o l i c  and body and s k i n  t e m p e r a t u r e  r e a c t i o n s  o f  
p o l a r  b e a r s  t o  o i l - f o u l i n g  w e r e  v e r y  s å m i l a r  t o  t h o s e  o f  a n o t h e r  
f u r r e d  mar ine  mammal, t h e  s e a  o t t e r .  
I n  summary, t h e  e x p e r i m e n t a l  o i l i n g  o f  p o l a r  b e a r s  w i t h  c r u d e  
o i l  on a  s i n g l e  occas ion  loaded  t h e  p e l a g e  w i t h  a  depo t  of  o i l  which 
t h e  b e a r s  groomed and i n g e s t e d  o v e r  a  p e r i o d  o f  weeks ,  I n  a d d i t i o n  
t o  an i r r i t a n t  a c t i o n  on t h e  s k i n ,  t h e  o i l  provbded a  t h e r m a l  s t r e s s  
t o  t h e  a n i m a l s  t h r o u g h  d e s t r u c t i o n  of t h e  i n s u l a t i v e  a b i l i t i e s  of  
t h e  f u r ,  t h a t  b e a r s  i n  n a t u r e  p robab ly  could  n o t  compensate f o r .  The 
i n g e s t e d  o i l  caused d i s r u p t i o n  o f  bo th  t h e  blood and nervous  sys tem,  
p a t h o l o g y  t h a t  p r o v e d  f a t a l  e v e n  i n  t h e  a b s e n c e  o f  t h e  t h e r m a l  
e f f e c t .  
The e x p e r i m e n t a l  o i l i n g  of  t h e  pe lage  was comple te  and s o  t h e  
exper imen t  provided no e s t i m a t e  o f  t h e  s e v e r i t y  o f  graded dosages  of 
o i l .  I n  a  n a t u r a l  s p i l l  s i t u a t i o n ,  w h e r e  a p o l a r  b e a r  m i g h t  s w i m  
over  an o i l - covered  l e a d ,  o i l i n g  would l i k e l y  be complete.  However, 
i n  t h e  c a s e  o f  o i l  s u s p e n d e d  i n  i c e  t h a t  was l e t  f r e e  d u r i n g  
s u b s e q u e n t  s e a s o n s ,  f o u l i n g  m i g h t  b e  l e s s  s e v e r e .  B e c a u s e  t h e  
drugging and c l e a n i n g  of a p o l a r  b e a r  i s  a  major u n d e r t a k i n g ,  it i s  
i m p o r t a n t  t o  d e r i v e ,  th rough  e x p e r i m e n t a l  work i f  n e c e s s a r y ,  what 
d e g r e e  o f  l o a d i n g  b e a r s  c a n  r e c e i v e  w i t h o u t  n e e d i n g  t r e a t m e n t .  I n  
t h e  c a s e  o f  a  s p i l l ,  c lean-up p e r s o n e l l  would need such an e s t i m a t e  
t o  be  a b l e  t o  d e c i d e  which b e a r s  n o t  t o  t r e a t .  
I n  t h e  a b o v e  e x p e r i m e n t ,  t h e  o i l i n g  o f  t h e  b e a r s  r e s u l t e d  i n  
p a t h o l o g i c a l  c h a n g e s  - w h i c h  would  h a v e  undoubtedly proved f a t a l  i n  
t h e  absence  of  v e t e r i n a r y  t r e a t m e n t ,  even i n  t h e  m i l d e s t  c a s e  of  15  
m i n u t e s  e x p o s u r e .  Even t h o u g h  t h i s  was a  s i n g l e  e x p e r i m e n t  u s i n g  
o n l y  t h r e e  a n i m a l s ,  it seems t h e r e f o r e  r e a s o n a b l e  t o  conclude  t h a t  a  
s i n g l e  b r i e f  o i l i n g  i n  n a t u r e  would  k i l 1  a  h i g h  p r o p o r t i o n  o f  t h e  
p o l a r  b e a r s  fouled .  
6.5 O i l  and otters 
W h i l e  o t t e r s  a r e  t e c h n i c a l l y  l a n d  mammals,  t h e i r  h a b i t a t  
i n c l u d e s  f r e s h  w a t e r  s t r e a m s  and sea  c o a s t s ,  and t h e y  would a l m o s t  
c e r t a i n l y  be  a f f e c t e d  by beached o i l .  O t t e r s  prey  on b o t t o m - l i v i n g  
f i s h  and c r u s t a c e a n s  w i t h i n  IOOm of s h o r e l i n e s ,  and t h e i r  s l e e p i n g  
and b reed ing  p l a c e s  a r e  a l s o  c l o s e  t o  t h e  s h o r e  (Baker, Jones ,  Jones  
a n d  W a t s o n ,  1 9 8 1 ) .  T h i s  g r o u p  r e p r e s e n t s  t h e  m o s t  e x t r e m e  
d e v e l o p m e n t  o f  p e l a g e  a s  i n s u l a t i o n ,  w i t h  u p  t o  1 3 0 , 0 0 0  h a i r s / c m 2  
and l i t t l e  o r  no s u b c u t a n e o u s  b l u b b e r  ( C o s t a  and Kooyman, 1982) .  
While t h e r e  a r e '  no s e a  o t t e r s  i n  Norwegian oceans ,  it a p p e a r s  t h a t  
b o t h  g r o u p s  a r e  s i m i l a r  i n  t h e i r  h e a t  c o n s e r v a t i o n  s t r a t e g i e s  and 
r e s p o n s e  t o  o i l ,  s o  t h a t  r e s u l t s  f r o m  s e a  o t t e r  t r i a l s  c a n  b e  u s e d  
t o  p r e d i c t  how o t t e r s  would  b e  a f f e c t e d  by o i l  s p i l l e d  o n t o  t h e  
Norwegian c o a s t .  
S e v e r a l  s t u d i e s  i n t o  t h e  e f f e c t s  of o i l  on s e a  o t t e r s  have been e 
c a r r i e d  o u t  and o n e  i s  p r e s e n t l y  u n d e r w a y  a t  t h e  Hubbs M a r i n e  
R e s e a r c h  I n s t i t u t e  i n  C a l i f o r n i a  ( K a s t e l e i n ,  1985) .  I t  i s  c l e a r  
t h a t  s e a  o t t e r s  a r e  t h e  most v u l n e r a b l e  of  a l l  mar ine  mammals t o  o i l  
contanninat ion,  w i t h  even modera te  f o u l i n g  l e a d i n g  t o  d e s t r u c t i o n  of 
t h e  i n s u l a t i v e  a b i l i t y  o f  t h e  p e l a g e  and t o  d e a t h  from hypothermia.  
Sea o t t e r s  a r e  c o m p l e t e l y  l a c k i n g  i n  i n s u l a t i v e  b lubber  ( K a s t e l e i n ,  
1985). For t h e r m a l  b a l a n c e ,  t h e y  r e l y  f i r s t l y  on i n c r e a s e d  m e t a b o l i c  
r a t e  ( r e s t i n g  m e t a b o l i c  r a t e  i s  o v e r  t w i c e  t h a t  o f  a  comparable  l and  
mammal). A s  payment  s e a  o t t e r s  m u s t  consume 20%-30% o f  t h e i r  body 
w e i g h t  i n  f o o d  d a i l y  ( C o s t a  and Kooyman, 1979) .  S e c o n d l y  d e n s e  
u n d e r f u r  t h a t  t r a p s  an  i n s u l a t i v e  l a y e r  o f  a i r  b u b b l e s  (Kooyman, 
D a v i s  and C a s t e l l i n i ,  1977)  and t h i r d l y  h a v e  a  w e l l  d e v e l o p e d  
a b i l i t y  t o  c o n s t r i c t  t h e  a r t e r i a l  blood supp ly  t o  t h e  s k i n ,  r educ ing  
s k i n  b l o o d  f l o w ,  s k i n  t e m p e r a t u r e  and s k i n  h e a t  l o s s  ( C o s t a  and 
Kooyman, 1979). 
T h e  i n t e r n a l  a c t i o n s  o f  o i l  h a v e  n o t  b e e n  s p e c i f i c a l l y  
i n v e s t i g a t e d  b u t  c a n  b e  i n f e r r e d  t o  b e  of  l e s s e r  c o n s e q u e n c e  t h a n  
t h e  e x t e r n a l  e f f e c t .  I n  p r a c t i c e ,  o i l - f o u l e d  s e a  o t t e r s  c o u l d  b e  
expected  t o  d i e  from hypothermia  b e f o r e  showing t h e  t o x i c  e f f e c t s  of 
o i l .  
Kooyman & (1977) i n v e s t i g a t e d  t h e  d i r e c t  e f f e c t  o f  o i l  on 
s e a  o t t e r  p e l a g e  by m e a s u r i n g  t h e  t h e r m a l  c o n d u c t a n c e  i n  w a t e r  of  
i s o l a t e d  s e a  o t t e r  p e l t s  b e f o r e  and a f t e r  o i l i n g ,  and a f t e r  
s u b s e q u e n t  c l e a n i n g .  The b r u s h i n g  o f  10-20ml o f  P r u d h o e  Bay c r u d e  
o i l  o n t o  a d u l t  p e l t s  i n c r e a s e d  h e a t  conductance  by 10% and 30% (on ly  
t w o  a n i m a i s  u s e d ) ,  w h i l e  s a t u r a t i o n  o f  pup p e l t s  i n c r e a s e d  h e a t  
c o n d u c t a n c e  t w o - f o l d .  I n  t h e  a d u l t ,  c o n d u c t a n c e  was  r e s t o r e d  t o  
c o n t r o l  v a l u e s  by washing. While t h i s  method p r o v i d e s  a  q u a n t i t a t i v e  
comparison of t h e  e f f e c t s  o f  o i l i n g  and c l e a n i n g ,  i ts  accuracy  f o r  
p r e d i c t i n g  h e a t  l o s s  i n  t h e  l i v e  a n i m a l  i s  p o o r  b e c a u s e  i t  c a n n o t  
c o n s i d e r  t h e  a d d i t i o n a l  e f f f e c t s  o f  b l o o d  f l o w  t h r o u g h  t h e  s k i n  
( w h i c h  i n c r e a s e s  h e a t  l o s s )  o r  t h e  e f f e c t  of  g r o o m i n g  and o t h e r  
behav iours  (which d e c r e a s e s  h e a t  l o s s ) .  A s  an example,  t h e  a u t h o r s  
c o n s i d e r e d  t h e  c o n t r o l  v a l u e s  f o r  h e a t  c o n d u c t a n c e  t h r o u g h  a d u l t  
p e l t s  t o  be some f i v e  t i m e s  t o o  high. 
I n  a  l a t e r  e x p e r i m e n t ,  Costa and Kooyman (1979,1982) measured 
m e t a b o l i c  r a t e  and h e a t  l o s s  i n  l i v e ,  o i l - f o u l e d  s e a  o t t e r s ,  and 
a f t e r  s u b s e q u e n t  c l e a n i n g  o f  t h e  p e l a g e .  A f t e r  t h e  a p p l i c a t i o n  o f  
38-60m1 f r e s h  c r u d e  o i l  t o  up t o  25% o f  t h e  s k i n  s u r f a c e  a r e a ,  
oxygen c o n s u m p t i o n  ( m e t a b o l i c  r a t e  and t h e r e f o r e  h e a t  p r o d u c t i o n )  
r o s e  an ave rage  of  4O%, and a f t e r  c l e a n i n g  f u r t h e r  r o s e  t c  100% over  
c o n t r o l  v a l u e s ,  i n d i c a t i n g  t h a t  bo th  o i l i n g  and c l e a n i n g  d i s r u p t e d  
s k i n  i n s u l a t i o n .  Subcutaneous t e m p e r a t u r e  below o i l e d  a r e a s  dropped 
between 5 C  C-10°C due t o  l o c a l  v a s o c o n s t r i c t i o n ,  b u t  i t  is  i m p o r t a n t  
t o  n o t e  t h a t  t h i s  r e s p o n s e  was of l i m i t e d  d u r a t i o n .  I n  washed 
a n i m a l s  a n d  i n  t h o s e  l e f t  o i l e d  a n d  u n w a s h e d ,  s u b c u t a n e o u s  
t e m p e r a t u r e  i n c r e a s e d ,  w h i c h  t h e  a u t h o r s  a t t r i b u t e d  t o  a  l i m i t e d  
a b i l i t y  t o  m a i n t a i n  t h i s  response .  Another p o s s i b i l i t y  t h e y  d i d  n o t  
m e n t i o n  i s  t h a t  w a s h i n g  and p r o l o n g e d  o i l i n g .  may b e  i r r i t a n t  
p rocedures ,  e l u c i d a t i n g  an in f l ammatory  r e a c t i o n  t h a t  i n c r e a s e s  s k i n  
b l o o d  f l o w  and t e m p e r a t u r e  and o v e r r i d e s  t h e  v a s o c o n s t r i c t i o n  
response.  A s k i n  b iopsy  would have helped t o  d e t e r m i n e  i f  t h i s  was 
t h e  case.  When t h e s e  h e a t  c o n s e r v a t i o n  r e s p o n s e s  proved i n a d e q u a t e  
and deep body t e m p e r a t u r e  f e l l ,  a n i m a l s  responded w i t h  s h i v e r i n g  and 
i n c r e a s e d  p h y s i c a l  a c t i v i t y .  
A t  l e a s t  e i g h t  d a y s  was r e q u i r e d  f o r  t h e  a n i m a l s  t o  r e s t o r e  
p e l a g e  i n t e g r i t y  and reduce  m e t a b o l i c  r a t e  t o  normal. Washed a n i m a l s  
had t o  be  a r t i f i c i a l l y  housed f o r  a t  l e a s t  t h i s  pe r iod  a t  o v e r  2 0 ' ~  
t o  e n s u r e  s u r v i v a l ,  Two a n i m a l s  t h a t  w e r e  h o u s e d  b e l o w  t h i s  
t e m p e r a t u r e  bo th  developed pneumonia and one d ied .  
Thus i n  a n  e x p e r i m e n t a l  s i t u a t i o n ,  s e a  o t t e r s  c a n  c o m b a t  t h e  
t h e r m a l  s t r e s s  of  m i l d  o i l  f o u l i n g  t o  a  d e g r e e  by i n c r e a s i n g  
m e t a b o l i c  r a t e  and h e a t  p roduc t ion ,  r educ ing  blood f l o w  t o  t h e  s k i n  
and by becoming  more  a c t i v e .  The i n c r e a s e  i n  m e t a b o l i c  r a t e  a f t e r  
c l e a n i n g  i n d i c a t e s  f u r t h e r  d e p l e t i o n  o f  t h e  n a t u r a l  o i l s  o f  t h e  
p e l a g e  and d e p l e t i o n  of  t r a p p e d  a i r  i n  t h e  u n d e r f u r ,  b u t  a l s o  
i n d i c a t e s  t h a t  t h e  o r i g i n a l  o i l i n g  o n l y  p a r t i a l l y  d e p l e t e d  t h e  
t h e r m a l  i n t e g r i t y  of t h e  p e l a g e ,  d i d  n o t  s a t u r a t e  t h e  u n d e r h a i r ,  and 
d i d  n o t  p u s h  t h e  t h e r m a l  r e s p o n s e  o f  t h e  a n i m a l  t o  t h e  l i m i t .  One 
e x p e r i m e n t a l  c o n d i t i o n  t h a t  must be remembered i s  t h a t  t h e  a n i m a l s  
w e r e  f e d  ad J.& and t h a t  i n  a  n a t u r a l  e n v i r o n m e n t  w h e r e  f o o d  was  
more  l i m i t e d  t h e  a n i m a l s  m i g h t  n o t  s u r v i v e  t h e  e n e r g e t i c  c o s t  of  
i n c r e a s e d  m e t a b o l i c  r a t e .  
The a u t h o r s  concluded t h a t  "any c o n t a c t  w i t h  o i l  a t  any t i m e  o f  
t h e  yea r  would have a  profound i n f l u e n c e  on t h e  h e a l t h  of  i n d i v i d u a l  
s e a  o t t e r s  th rough  i n c r e a s e s  i n  t h e  a n i m a l ' s  t h e r m a l  conductance  and 
t h e  subsequent  i n c r e a s e  i n  m e t a b o l i c  r a t e .  I t  is p robab le  t h a t  d e a t h  
may f o l l o w  from pneumonia o r  hypothermia depending on t h e  amount o f  
t h e  a n i m a l ' s  f u r  f o u l e d .  R e h a b i l i t a t i o n  o f  o i l - f o u l e d  s e a  o t t e r s  
would  b e  v e r y  c o s t l y  r e q u i r i n g  h o l d i n g  f a c i l i t i e s  t o  k e e p  t h e  
a n i m a l s  f o r  a t  l e a s t  t w o  weeks.  Even i% a d e q u a t e  f a c i l i t i e s  were 
a v a i l a b l e  t h e  s u c c e s s  r a t e  of r e h a b i l i t a t i n g  o i l - f o u l e d  s e a  o t t e r s  
i s  l i k e l y  t o  be r a t h e r  lowl' (Costa and Kooyman, 1982). 
A s  p a r t  o f  t h e  same s t u d y ,  t h e  a u t h o r s  s t u d i e d  t h e  behaviour  o f  
f o u r  f r e e  r ang ing  s e a  o t t e r s  t h a t  had had between 10 and 30ml c r u d e  
o i l  a p p l i e d  t o  1%-10% of t h e  pe lage ,  Behaviour p a t t e r n s  ( p r o p o r t i o n  
o f  t i m e  s p e n t  a c t i v e  and r e s t i n g )  dåd  n o t  d i f f e r  f r o m  o i l - f r e e  
c o n t r o l  a n i m a l s ,  a s  measured by t e l e m e t r y .  S h n i f f ,  W i l l i a m s ,  Johnson 
and G a r s h e l i s  (1982) a p p l i e d  25ml Prudhoe Bay c r u d e  o i l  t o  some 10% 
of t h e  p e l a g e  a r e a  o f  f o u r  s e a  o t t e r s ,  t h e n  c leaned  one and r e l e a s e d  
a l l  f o u r  w i t h  a t t a c h e d  a c t i v i t y  t r a n s m i t t e r s ,  A l l  a n i m a l s  showed 
s i g n i f i c a n t  i n c r e a s e s  i n  a c t i v i t y  d u r i n g  t h e  f i r s t  week a f t e r  
r e l e a s e ,  w h i c h  t h e  a u t h o r s  i n t e r p r e t e d  a s  g r o o m i n g ,  w i t h  f e e d i n g  
a c t i v i t y  r e m a i n i n g  n o r m a l .  A c t i v i t y  was g r e a t e s t  i n  t h e  c l e a n e d  
o t t e r ,  s u g g e s t i n g ,  a s  i n  t h e  p r e v i o u s  e x p e r i m e n t ,  t h a t  c l e a n i n g  
i n c r e a s e d  t h e r m a l  stress. 
It i s  c l e a r  from t h e s e  e x p e r i m e n t s  t h a t  even s m a l l  amounts o f  
o i l  d i s t u r b  t h e  f u n c t i o n a l  o r g a n i z a t i o n  o f  s e a  o t t e r  p e l a g e  by 
d e p l e t i n g  t h e  l a y e r  o f  a i r  n o r m a l l y  h e l d  i n  t h e  u n d e r f u r  and 
i n c r e a s i n g  h e a t  l o s s .  I n  t h e  f i r s t  e x p e r i m e n t  o f  Kooyman d. 
(19771,  i n  w h i c h  i s o l a t e d  p e l t s  w e r e  u s e d ,  o i l  was a p p l i e d  w i t h  
b r u s h  s t r o k e s  i n  t h e  d i r e c t i o n  o f  t h e  h a i r ,  w h i c h  would  c e r t a i n l y  
have mat t ed  t h e  guard h a i r s  b u t  pe rhaps  n o t  p e n e t r a t e d  t h e  under fu r .  
I n  t h e  l i v e  a n i m a l ,  o i l  a p p l i e d  e v e n  t o  t h e  o u t e r  p e l a g e  l a y e r  may 
be d i s t r i b u t e d  deeper  by grooming a t t e r n p t s ,  f u r t h e r  d i s p l a c i n g  a i r  
and i n c r e a s i n g  h e a t  l o s s .  There were some d i f f e r e n c e s  i n  t h e  r e s u l t s  
between exper imen t s ,  p a r t i c u l a r l y  r e g a r d i n g  t h e  e f f e c t  of  c l e a n i n g  
w h i c h  r e s t o r e d  t h e  t h e r m a l  i n t e g r i t y  o f  i s o l a t e d  p e l t s  b u t  
aggrega ted  it i n  t h e  l i v e  an imals .  
These exper imen t s  i l l u s t r a t e  t h e  b e h a v i o u r a l  and p h y s i o l o g i c a l  
r e p o n s e s  of  s e a  o t t e r s  t o  o i l  f o u l i n g .  I n  an  a c t u a l  o i l  s p i l l  
s i t u a t i o n  a  much h i g h e r  p e r c e n t a g e  of t h e  c o a t  cou ld  be  expected  t o  
become f o u l e d ,  The o i l i n g  t r e a t m e n t s  used i n  t h e  two e x p e r i m e n t s  on 
f ree - rang ing  a n i m a l s  were t h e  l e a s t  s t r e s s f u l  of  a l l ,  bo th  i n  terms 
of  t h e  q u a n t i t y  of o i l  used and t h e  a r e a  of  pe lage  covered ( a l t h o u g h  
presumably t h e  o i l  would have been s p r e a d  f u r t h e r  by grooming). Heat 
l o s s  (and t h e r e f o r e  compensatory m e t a b o l i c  r a t e  i n c r e a s e )  would have 
been r e l a t i v e l y  s m a l l  and a  s i g n i f i c a n t  i n c r e a s e  i n  f e e d i n g  a c t i v i t y  
t h e r e f o r e  n o t  e x p e c t e d .  A l l  t h e  a n i m a l s  s u r v i v e d  n o t  o n l y  t h e  
t h e r m a l  i n s u l t  b u t  t h e  i n g e s t i o n  o f  o i l  t h a t  m u s t  h a v e  o c c u r r e d  
d u r i n g  grooming. Both e x p e r i m e n t s  were a l s o  done d u r i n g  t h e  summer, 
when w a t e r  t e m p e r a t u r e  i s  high. I f  t h e y  had been r e p e a t e d  d u r i n g  t h e  
w i n t e r  t h e  s u r v i v a l  c o u l d  h a v e  b e e n  r e d u c e d .  C o s t a  and Kooyman 
(1979) e s t i m a t e d  t h a t  i n  p r a c t i c e ,  heavy o i l i n g  of  more t h a n  20% of 
t h e  body s u r f a c e  would probably  be  f a t a l .  
The e f f e c t s  o f  i n g e s t e d  o i l  w e r e  n o t  c o n s i d e r e d  d u r i n g  a n y  o f  
t h e  e x p e r i m e n t s ,  nor  was t h e  e f f e c t  o f  weathered  o i l  o r  mousse. On 
t h e  one hand we might  e x p e c t  less r i s k  from weathered o i l  because  it 
i s  more  t a r - l i k e  and s h o u l d  n o t  e a s i l y  p e n e t r a t e  t h e  p e l a g e .  
However ,  b e i n g  t a r r y ,  i t  may b i n d  t o  t h e  h a i r  c a u s i n g  s e v e r e  h a i r  
l o s s  d u r i n g  g r o o m i n g  by t h e  a n i m a l ,  a s  i s  t h e  c a s e  i n  t h e  p o l a r  
b e a r ,  t h u s  a g g r a v a t i n g  t h e  damage. Kooyman et al. (1977) d e s c r i b e d  a  
n a t u r a l l y  o i l - f o u l e d  s e a  o t t e r  p e l t  a s  b e i n g  h e a v i l y  c lumped  i n  
c o n t r a s t  t o  p e l t s  f o u l e d  w i t h  f r e s h  o i l ,  and t h e  o i l  a s  b e i n g  more  
t a r r y ,  
W h i l e  t h e s e  e x p e r i m e n t s  i n d i c a t e  c l e a r l y  t h a t  oil å s  
d e t r i m e n t a l  t o  s e a  o t t e r s  t h e y  do n o t  i n d i c a t e  whether  t h e s e  a n i m a l s  
can r e c o g n i z e  o i l  a t  s e a  and avo id  it i n  an a c t u a l  s p i l l  s i t u a t i o n .  
The a n s w e r  i s  g i v e n  i n  p a r t  by t h e  e x p e r i m e n t  of  S i n i f f  a. 
(1982) who s e t  two s e a  o t t e r s  i n t o  a  t ank  p a r t i a l l y  covered by f r e s h  
c r u d e  o i l  t o  a  d e p t h  o f  O.Olmm ( a  good a p p r o x i m a t i o n  o f  s l i c k  
t h i c k n e s s  i n  open  s e a ) .  The a n i m a l s  w e r e  i n i m e d i a t e l y  a w a r e  of  t h e  
p r e s e n c e  o f  t h e  o i l  and t r i e d  t o  a v o i d  i t .  Over t h e  12  h o u r  p e r i o d  
of  conf inement  t h e y  s p e n t  on ave rage  l e s s  than  one minu te  p e r  hour 
i n  t h e  o i l ,  b u t  e v e n t u a l l y  became  t o t a l l y  c o v e r e d .  One s e a  o t t e r ,  
w h i c h  was n o t  c l e a n e d ,  d i e d  f r o m  h y p o t h e r m i a  a f t e r  24 h o u r s  w h i l e  
t h e  o t h e r  was t r e a t e d  and saved. The a n i m a l s  i n  t h i s  e x p e r i m e n t  were 
i n  a  conf ined  e x p e r i m e n t a l  s i t u a t i o n  and it i s  p o s s i b l e  t h a t  i n  an 
a c t u a l  s p i l l  s i t u a t i o n  t h e y  could have s u c c e s s f u l l y  avoided t h e  o i l  
cornpletely.  It i s  a l s o  p o s s i b l e  t h a t  t h e y  were a l e r t e d  t o  t h e  f r e s h  
o i l  by i n h a l i n g  t h e  i r r i t a n t  v o l a t i l e  f r a c t i o n ,  and t h a t  i f  exposed 
t o  a  w e a t h e r e d  s l i c k  i n  w h i c h  m o s t  o f  t h e s e  c o m p o n e n t s  had 
e v a p o r a t e d ,  t h e y  would  n o t  h a v e  t h e  s e n s o r y  c u e s  enough  t o  d e t e c t  
t h e  o i l  a t  a l l .  
W h i l e  t h e r e  h a v e  n o t  b e e n  a n y  c o n t r o l l e d  i n v e s t i g a t i o n s  i n t o  
t h e  e f f e c t s  of o i l  on o t t e r s ,  i t  may b e  r e l e v a n t  t h a t  o t t e r s  h a v e  
n o t  b e e n  s e e n  on t h e  c o a s t  of  N o r t h  T r o n d e l a g  s i n c e  t h e  s i n k i n g  o f  
t h e  t8"Deifovost t  p o l l u t e d  t h a t  c o a s t  w i t h  o i l  i n  4981 (SFT,  19851)~  
A n o t h e r  o b s e r v a t i o n  o f  an a c t u a l  s p i l l  s i t u a t i o n  s u g g e s t s  t h a t  
o t t e r s  a r e  e q u a l l y  a s  v u l n e r a b l e  t o  o i l  a s  a r e  s e a  o t t e r s .  A f t e r  a  
s p i l l a g e  of  1,200 t o n s  o f  Bunker C f u e l  o i l  o f f  t h e  S h e t l a n d  I s l a n d s  
f r o m  a t a n k e r  on December 3 1 ,  1978 ,  some l1Okm o f  c o a s t l i n e  
e v e n t u a l l y  became p o l l u t e d  w i t h  o i l  and between 15% and 50% of t h e  
e s t i m a t e d  t o t a l  o t t e r  p o p u l a t i o n  d i e d  ( B a k e r  e t  a l . ,  1981 1. O t t e r s  
w e r e  o b s e r v e d  swimming and f e e d i n g  i n  o i l  c o v e r e d  s e a  u n t i l  t h e y  
became h e a v i l y  c o v e r e d ,  i n d i c a t i n g  t h a t  t h e y  e i t h e r  d i d  n o t  
r e c o g n i z e  t h e  o i l  a s  an  e n t i t y  o r  w e r e  n o t  c o n c e r n e d  by i t .  W h i l e  
t h e r e  were on ly  seven post-mortems done on a u t o l y s e d  c a r c a s e s ,  t h e  
c o n s i s t e n t  f i n d i n g  and a p p a r e n t  c a u s e  o f  d e a t h  was h a e m o r r h a g i c  
g a s t r o - e n t e r i t i s ,  p r e s u m a b l y  d u e  t o  t h e  e a t i n g  o f  o i l e d  s e a  b i r d s  
and t h e  i n g e s t i o n  of o i l  from t h e i r  own pe lage  d u r i n g  grooming. I n  
c o m p a r i s o n  w i t h  t h e  s e a  o t t e r ,  t h e r e  was i n  t h i s  c a s e  more  o f  an  
i n t e r n a l  e f f e c t  c o n t r i b u t i n g  t o  d e a t h ,  a l t h o u g h  t h e  a u t h o r s  
s u s p e c t e d  t h a t  hypothermia  was a l s o  a  f a c t o r .  Hypothermia would n o t  
be expec ted  t o  be  n e a r l y  a s  s i g n i f i c a n t  a s  i n  t h e  s e a  o t t e r ,  because  
w h i l e  o t t e r s  hun t  i n  t h e  s e a  t h e y  s l e e p  i n  burrows on land where t h e  
h e a t  conductance  i n t o  a i r  i s  much l e s s .  
From t h e  a c c o u n t  o f  t h e  s p i l l  and o f  p o s t m o r t e m  f i n d i n g s ,  i t  
appears  t h a t  t h e  way o t t e r s  were a f f e c t e d  by o i l  changed w i t h  t ime.  
By January  20, t h r e e  weeks a f t e r  t h e  s p i l l ,  t h e  o i l  had c o l l e c t e d  i n  
p a t c h e s  a l o n g  t h e  s h o r e l i n e  and v e r y  l i t t l e  was  l e f t  on t h e  w a t e r  
s u r f a c e .  Before  t h i s  d a t e  h e a v i l y  o i l e d  c a r c a s e s  were  d i s c o v e r e d  on 
beaches  u s u a l l y  c l o s e  t o  t h e  w a t e r ,  w h i l e  l a t e r  d e a t h s  occur red  up 
t o  150m i n l a n d  and w e r e  l e s s  h e a v i l y  o i l - f o u l e d .  I t  a p p e a r s  t h a t  
t h e s e  l a t e r  a n i m a l s  c o n t a c t e d  beached o i l  and d i e d  a f t e r  i n g e s t i n g  
it d u r i n g  grooming. Animals found e a r l i e r  had c o n t a c t e d  o i l  on t h e  
w a t e r ,  become h e a v i l y  coa ted  and d i e d  q u i c k l y  from a  combinat ion  o f  
hypothermia  and d i r e c t  t o x i c i t y .  No q u a n t i t a t i v e  d a t a  were g i v e n  a s  
t o  p e r c e n t a g e  of  t h e  c o a t  o i l e d  on a f f e c t e d  animals .  
One p o s s i b i l i t y  t h a t  has  n o t  been i n v e s t i g a t e d  i s  t h a t  o t t e r s  
and s e a  o t t e r s  might  a l s o  be  a t  r i s k  from c h r o n i c  i n t o x i c a t i o n  due 
t o  t h e  c o n t i n u a l  i n g e s t i o n  o f  o i l  i n  f o o d  p o l l u t e d  by  a  s p i l l a g e .  
C r u s t a c e a n s  a n d  m o l l u s c s ,  w h i c h  c o m p r i s e  a  h i g h  p e r c e n t a g e  o f  t h e  
a n i m a l s 1  d i e t ,  a c c u m u l a t e  p e t r o l e u m  p r o d u c t s  w h i c h  may b e  f u r t h e r  
c o n c e n t r a t e d  i n  o t t e r  t i s s u e  d u e  t o  t h e i r  h i g h  m e t a b o l i c  r a t e  a n d  
d a i l y  f o o d  i n t a k e  ( S t e d e ,  1985) .  I n  a d d i t i o n ,  t h e  d e a t h  o f  f o o d  
s p e c i e s  f o l l o w i n g  a  s p i l l  may l i m i t  t h e  a b i l i t y  o f  o i l  f o u l e d  o t t e r s  
t o  i n c r e a s e  t h e i r  m e t a b o l i c  r a t e ,  t h u s  r e d u c i n g  s u r v i v a l  f o l l o w i n g  
o i l - f o u l i n g  . 
I n  summary, it i s  c l e a r  t h a t  t h e  a q u a t i c  M u s t e l i d a e ,  which  r e l y  
on p e l a g e  f o r  i n s u l a t i o n ,  a r e  p l a c e d  a t  s e r i o u s  r i s k  t h r o u g h  c o n t a c t  
w i t h  o i l .  The  m a i n  e f f e c t  t h a t  o i l  h a s  i s  a m a t t i n g  o f  t h e  p e l a g e  
w h i c h  d i s t u r b s  t h e  l a y e r  o f  a i r  n o r n a l l y  h e l d  i n  t h e  u n d e r f u r  a n d  
i n c r e a s e s  h e a t  c o n d u c t a n c e  l e a d i n g  t o  h y p o t h e r n i a  and o f t e n  d e a t h .  
Animals  t h a t  s u r v i v e  a r e  a t  r i s k  f i r s t l y  f rom g a s t r o e n t e r i t i s  f rom 
t h e  o i l  t h e y  i n g e s t  d u r i n g  g r o o m i n g ,  a n d  s e c o n d l y  f r o m  l u n g  a n d  
o t h e r  i n f e c t i o n s  s e c o n d a r y  t o  t h e  stress o f  p ro longed  hypo the rmia .  
6.6 O i l  and whales 
Compared w i t h  t h e  i n f o r m a t i o n  a v a i l a b l e  on t h e  e f f e c t  o f  o i l  on 
s e a l s  l i t t l e  i s  k n o w n  a b o u t  t h e  e f f e c t s  o n  w h a l e s .  A c t u a l  
o b s e r v a t i o n s  o f  w h a l e s  i n  s p i l l  s i t u a t i o n s  a r e  v e r y  few and seem t o  
i n d i c a t e  t h a t  a t  l e a s t  t h e  l a r g e  w h a l e s  and some d o l p h i n s  e i t h e r  do  
n o t  r e c o g n i z e  f l o a t i n g  o i l  o r  a r e  n o t  d i s t u r b e d  b y  i t ,  f o r  t h e y  
c o n t i n u e  t o  f e e d  and  e x h i b i t  o t h e r  n o r m a l  b e h a v i o u r s  i n  i t s  
p r e s e n c e .  G o o d a l e ,  Hyman and  Winn ( 1  9 8 1 ) ,  r e p o r t e d  i n  E n g e l h a r d t  
(1983) ,  found  t h a t  w h a l e s  and d o l p h i n s  c o n t i n u e d  t o  s w i m  and f e e d  i n  
b o t h  o i l - c o v e r e d  and o i l - f r e e  w a t e r  a f t e r  a  s h i p p i n g  a c c i d e n t  t h a t  
r e l e a s e d  Bunker C and d i e s e l  f u e l .  I n  t h i s  i n c i d e n t ,  n o r m a l  s u r f a c e  
and  b e l o w - s u r f a c e  f e e d i n g  w a s  o b s e r v e d  i n  humpback  w h a l e s ,  f i n  
w h a l e s  and w h i t e - s i d e d  d o l p h i n s .  
The re  i s  some e q u i v o c a l  s u g g e s t i o n  t h a t  g r e y  w h a l e s  may a l t e r  
s w i m m i n g  s p e e d  a n d  d i r e c t i o n ,  and  b r e a t h i n g  b e h a v i o u r ,  i n  t h e  
p r e s e n c e  o f  f l o a t i n g  o i l  c l u m p s  b u t  d e f i n i t e  e v i d e n c e  i s  l a c k i n g  
( G e r a c i  and S t .  Aub in ,  1982) .  T h e s e  a u t h o r s  c o m m i s s i o n e d  g r o u p s  o f  
o b s e r v e r s  t o  s t u d y  t h e  b e h a v i o u r  o f  C a l i f o r n i a  g r e y  w h a l e s  d u r i n g  
t h e  m i g r a t i o n  t h r o u g h  t h e  S a n t a  B a r b a r a  C h a n n e l  t o  t h e i r  b r e e d i n g  
g r o u n d s  o f  B a j a  C a l i f o r n i a .  The s e a b e d  o f  t h e  S a n t a  B a r b a r a  a r e a  
l e a k s  a  c o n s i d e r a b l e  q u a n t i t y  of  o i l  t h a t  p o l l u t e s  t h e  s e a  s u r f a c e  
e i t h e r  a s  o i l  s h e e n s  o r  more w e a t h e r e d  t a r  lumps .  On s e v e r a l  
o c c a s i o n s  g r e y  w h a l e s  c h a n g e d  t h e i r  swimming d i r e c t i o n  when 
approaching o i l .  There was, however, no change i n  b r e a t h i n g  p a t t e r n  
o r  swimming speed and no c e r t a i n t y  t h a t  t h e  behav iour  was i n  f a c t  a  
consc ious  r e sponse  t o  t h e  p resence  o f  o i l .  Other  whales  would s w i m  
th rough  o i l ,  b u t  would change swimming speed a l t h o u g h  w i t h o u t  any 
c o n s i s t e n t  p a t t e r n .  The a u t h o r s  f e l t  t h a t  t h e  whales  s p e n t  l e s s  time 
a t  t h e  s u r f a c e  when swimming th rough  o i l  and t h a t  t h e y  b r e a t h e d  less  
o f t e n  and a t  a f a s t e r  r a t e .  There  seems,  however, n o t  t o  have been a  
c o n s i s t e n t  p a t t e r n  of  d e t e c t i o n  and a c t i v e  avoidance  of  f l o a t i n g  o i l  
by t h e  whales. 
Whether o i l  r e l e a s e d  i n  a c t u a l  s p i l l  s i t u a t i o n s  harms whales  is 
a l s o  e q u i v o c a l .  The p r o b a b l e  a n s w e r  i n  m o s t  c a s e s  i s  t h a t  some 
a n i m a l s  d e f i n i t e l y  d i e  a f t e r  o i l - f o u l i n g  b u t  t h a t  t h e  p r o p o r t i o n  o f  
d e a t h s  among f o u l e d  a n i m a l s  i s  low.  O f t e n  i t  i s  h a r d  t o  f o r m  a n  
o p i n i o n  a f t e r  r e a d i n g  c a s e  r e p o r t s  b e c a u s e  d e t a i l s  o f  n e c r o p s y  
e x a m i n a t i o n s  on s u s p e c t  a n i m a l s  a r e  n o t  g i v e n ,  and b e c a u s e  o f  t h e  
e v e r - p r e s e n t  u n c e r t a i n t y  a s  t o  whether  o i l - f o u l i n g  caused t h e  d e a t h  
on an  a n i m a l  o r  o c c u r r e d  p o s t - m o r t e m .  I n  o n e  r e c e n t  c a s e ,  s e v e n  
d o l p h i n s  (and a  number of  dugongs, t u r t l e s ,  snakes  and o t h e r  mar ine  
a n i m a l s )  were found dead a f t e r  a  s p i l l a g e  o f  o i l  i n  t h e  Arabian Gulf 
(Anon, 1983b) .  I n  t h i s  c a s e  n e c r o p s i e s  w e r e  d o n e ,  a l t h o u g h  no 
d e t a i l s  w e r e  g i v e n ,  and t h e  c a u s e  o f  d e a t h  was a t t r i b u t e d  t o  
" r e s p i r a t o r y  s t r e s s ,  p r e s u m a b l y  a s  a  r e s u l t  o f  i n h a l i n g  o i l1 ' .  T h i s  
d o e s  n o t  make i t  c l e a r  w h e t h e r  e v i d e n c e  o f  o i l  was a c t u a l l y  f o u n d  
i n s i d e  t h e  dolphins .  
Given  t h e  r a p i d  and f o r c e f u l  n a t u r e  o f  c e t a c e a n  b r e a t h i n g ,  i t  
would seem f e a s i b l e  t h a t  a  s m a l l  q u a n t i t y  of  o i l  could  be  i n h a l e d  if 
a  d o l p h i n  o r  even  l a r g e  w h a l e  s u r f a c e d  t h r o u g h  an o i l  s l i c k ,  
S u f f o c a t i o n  was a l s o  l i s t e d  a s  t h e  c a u s e  o f  d e a t h  o f  a  d o l p h i n  a f t e r  
t h e  much d i s c u s s e d  S a n t a  B a r b a r a  C h a n n e l  o i l  p l a t f o r m  b l s w o u t ,  
a l t h o u g h  Brownell  (1971) i n d i c a t e d  t h a t  t h i s  was a  f a b r i c a t i o n .  T h i s  
b l o w o u t  o c c u r r e d  on J a n u a r y  28 ,  1 9 6 9 ,  i n  t h e  m i g r a t i o n  p a t h  o f  t h e  
C a l i f o r n i a  g r e y  w h a l e  and t h e  e n t i r e  n o r t h w a r d  m i g r a t i o n  p a s s e d  
t h r o u g h ,  o r  w e s t w a r d  a r o u n d ,  t h e  c o n t a m i n a t e d  a r e a .  I n  t h e  t w o  
months f o l l o w i n g  t h e  s p i l l a g e ,  s i x  g r e y  whales ,  one sperm whale ,  one 
p i l o t  whale ,  f i v e  common d o l p h i n s ,  one P a c i f i c  s t r i p e d  d o l p h i n  and 
one  u n i d e n t i f i e d  c e t a c e a n  washed o n t o  C a l i f o r n i a  b e a c h e s .  No 
pe t ro leum p r o d u c t s  were found i n  any of  t h e  t i s s u e  samples  c o l l e c t e d  
from t h e s e  a n i m a l s ,  a l though  t h e r e  was a  f i l m  of o i l  on t h e  b a l e e n  
o f  o n e  of  t h e  g r e y  w h a l e s  w h i c h  t h e  a u t h o r  t h o u g h t  had  o c c u r r e d  
post-mortem. T h i s  sampl ing of number and s p e c i e s  t h a t  s t r a n d e d  was 
a l s o  c o n s i d e r e d  c o n s i s t e n t  i n  number w i t h  s t r a n d i n g  r e c o r d s  f r o m  
C a l i f o r n i a n  beaches  i n  p r e v i o u s  years .  
I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  s p i l l e d  o i l  d i d  n o t  c a u s e  t h e  
d e a t h s  of any C a l i f o r n i a  g r e y  whales  d u r i n g  t h e i r  m i g r a t i o n ,  d e s p i t e  
t h e  widespread c o n t a c t  t h a t  must have occurred .  T h i s  c o n t a c t  would 
i n  a n y  c a s e  p r o b a b l y  h a v e  b e e n  l i m i t e d  t o  t h e  s k i n .  Grey w h a l e s  
a p p a r e n t l y  do n o t  f e e d  d u r i n g  t h e  i n i t i a l  p a r t  o f  t h e i r  m i g r a t i o n  
( B r o w n e l l ,  1 9 7 1 ) ,  w h i c h  would  h a v e  l i m i t e d  t h e  amount  o f  o i l  
e x p e c t e d  t o  b e  i n g e s t e d .  I n  a d d i t i o n ,  t h e  p r e y  o f  t h e  g r e y  w h a l e  
c o n s i s t s  p r i m a r i l y  of b e n t h i c  s p e c i e s  and, w i t h  some e x c e p t i o n s ,  t h e  
a n i m a l s  do  n o t  f e e d  i n  t h e  u p p e r  w a t e r  co lumn w h e r e  t h e  o i l  
c o n c e n t r a t i o n  would  h a v e  b e e n  t h e  h i g h e s t  ( O l i v e r ,  1983) .  The 
s i t u a t i o n  t h e r e f o r e  should  n o t  be e x t r a p o l a t e d  d i r e c t l y  t o  Norwegian 
w h a l e s  s u c h  a s  t h e  m i n k e ,  t h a t  a l s o  f e e d  a t  t h e  s u r f a c e  and may 
a c t u a l l y  i n g e s t  some amount o f  o i l  a f t e r  a  s p i l l a g e .  
G e r a c i  and S t .  Aubin  ( 1 9 8 2 ) ,  c o n d u c t e d  a  d e t a i l e d  e x a m i n a t i o n  
i n t o  t h e  e f f e c t s  of o i l  on v a r i o u s  c e t a c e a n  s p e c i e s  b u t  p r i m a r i l y  on 
t h e  b o t t l e n o s e d  dolphin ,  
The a u t h o r s  d e s i g n e d  and c a r r i e d  o u t  e x p e r i m e n t s  t o  d e t e r m i n e  
( l )  i f  d o l p h i n s  c o u l d  d e t e c t  v a r i o u s  f l o a t i n g  p e t r o l e u m  p r o d u c t s  (2) 
if d o l p h i n s  w o u l d  o f  t h e i r  own a c c o r d  a v o i d  f l o a t i n g  o i l s  ( 3 )  t h e  
e f f e c t s  o f  p e t r o l e u m  on c e t a c e a n  s k i n  ( 4 )  t h e  i n t e r n a l  e f f e c t s  o f  
p e t r o l e u m  ( 5 )  w h e t h e r  p e t r o l e u m  h a d  a n  e f f e c t  on b a l e e n  a n d  ( 6 )  i f  
C a l i f o r n i a  g r e y  w h a l e s  c o u l d  d e t e c t  a n d  a v o i d  f l o a t i n g  o i l s  a n d  
t a r s .  
I n  t h e  f i r s t  e x p e r i m e n t ,  d o l p h i n s  were t r a i n e d  t o  o b s e r v e  a  
w a t e r  s u r f a c e  from be low,  b o t h  v i s u a l l y  and a c o u s t i c a l l y ,  and s i g n a l  
if t h e y  c o u l d  d e t e c t  any  o b j e c t  o r  s u b s t a n c e  ( G e r a c i ,  S t .  Aubin and 
Reisman,  1983). The r e s u l t s  i n d i c a t e d  t h a t ,  unde r  o p t i m a l  v i s i b i l i t y  
c o n d i t i o n s ,  d o l p h i n s  can v i s u a l l y  d e t e c t  d a r k  c r u d e  o i l  t o  a  l i m i t  
of s i x  m i l l i m e t r e s ,  and  d i e s e l  o i l s  t o  a  l i m i t  o f  l'('mm, f r o m  a  
d i s t a n c e  o f  one  metre. Using e c h o l o c a t i o n  a l o n e ,  t h e y  can  d e t e c t  o i l  
f i l m s  o f  some 12mm t h i c k n e s s .  T h i s  s h o u l d  mean t h a t  d o l p h i n s  a t  s e a  
c o u l d  d e t e c t  l i g h t e r  c r u d e  o i l s  and  t h i c k  f u e l  o i l s  s o o n  a f t e r  
s p i l l a g e ,  w h i c h  o c c u r  i n  t h i c k n e s s e s  u p  t o  20-30cm. They  p r o b a b l y  
c o u l d  n o t  d e t e c t  ( b e f o r e  a c t u a l  c o n t a c t )  d i e s e l  o i l  a t  a n y  t ime ,  
o l d e r  o i l  s l i c k s  i n  open w a t e r  wh ich  have  a  t h i c k n e s s  down t o  10'"mm 
o r  s l i c k s  i n  t u r b i d  wa te r .  
When c o n f r o n t e d  w i t h  a  t h i n  s u r f a c e  f i l m  o f  c o l o u r e d  o i l  d u r i n g  
d a y l i g h t ,  t h r e e  d o l p h i n s  avo ided  t h e  o i l ,  even  b e f o r e  c o n t a c t ,  f o r  
f i v e  t o  5 3  m i n u t e s  (Smi th ,  G e r a c i  and S t .  Aubin, 1983). The a n i m a l s  
appea red  t o  be  s t a r t l e d  by p h y s i c a l  c o n t a c t  w i t h  t h e  o i l ,  and ,  a f t e r  
c o n t a c t i n g  it  s e v e r a l  t imes,  a v o i d e d  f u r t h e r  c o n t a c t  d u r i n g  t h e  
r e m a i n i n g  s i x  h o u r s  o f  t h e  t r i a l  a n d  d u r i n g  a  f u r t h e r  e i g h t  h o u r  
e x p o s u r e  s e v e r a l  d a y s  l a t e r ,  A t  n i g h t ,  a n i m a l s  d e t e c t e d  a f t e r  
c o n t a c t  a n d  s u b s e q u e n t l y  a v o i d e d  a  o n e  c e n t i m e t r e  t h i c k  l a y e r  o f  
b o t h  h e a v y  d a r k  o i l  and  h e a v y  c l e a r  o i l  ( S t .  A u b i n ,  G e r a c i ,  S m i t h  
a n d  F r i e s e n ,  1985) .  T h e r e  w a s  e v i d e n c e  o f  d e t e c t i o n  b u t  l i t t l e  
r e a c t i o n  t o  a n  o i l  s h e e n  s u r f a c e  l a y e r  a t  n i g h t .  M i n e r a l  o i l  w a s  
u s e d  d u r i n g  t h e  t e s t  a n d  i t  m i g h t  b e  e x p e c t e d  t h a t  t h e  a v o i d a n c e  
r e a c t i o n  would have  been even  s t r o n g e r  i f  c r u d e  o i l ,  wh ich  g i v e s  o f f  
i r r i t a n t  fumes ,  had been used. 
T h e s e  t w o  e x p e r i m e n t s  i n d i c a t e  t h a t  u n d e r  c o n t r o l l e d  and 
o p t i m a l  c o n d i t i o n s ,  d o l p h i n s  can d e t e c t  and choose t o  avoid co loured  
o i l ,  and s o  should  have a t  l e a s t  t h e  p o t e n t i a l  t o  avoid  s p i l l e d  o i l  
a t  sea.  Obse rva t ions  o f  wi ld  d o l p h i n s  and o t h e r  whales  f e e d i n g  and 
swimming among o i l  s l i c k s ,  d i s c u s s e d  above, i n d i c a t e  however t h a t  
u n d e r  l e s s  t h a n  o p t i m a l  c o n d i t i o n s ,  t h e y  do n o t  h a v e  o r  do  n o t  u s e  
t h e s e  a b i l i t i e s .  
G e r a c i  and S t .  Aubin  ( 1 9 8 2 )  a l s o  i n v e s t i g a t e d  t h e  e f f e c t  o f  
d i f f e r e n t  pe t ro leum p r o d u c t s  on t h e  s k i n  of  l i v e  d o l p h i n s  and dead 
o r  d y i n g  s t r a n d e d  w h a l e s  o f  o t h e r  t y p e s .  I n  t h e  f i r s t  t r i a l ,  
l o c a l i z e d  a r e a s  o f  t h e  s k i n  of  b o t t l e n o s e d  d o l p h i n s  and a  R i s s o l s  
d o l p h i n  w e r e  e x p o s e d  t o  c r u d e  o i l  and p e t r o l  f o r  15  - 75 m i n u t e s ,  
w i t h o u t  g r o s s  e v i d e n c e  o f  i n f l a m m a t i o n .  H i s t o l o g i c a l  e x a m i n a t i o n  
showed t h a t  damage was m o d e r a t e  o r  m i l d  and l i m i t e d  t o  t h e  o u t e r  
l a y e r s  of  t h e  e p i d e r m i s ,  e x c e p t  a f t e r  75 m i n u t e s  exposure  t o  p e t r o l ,  
a f t e r  which damage extended t o  t h e  deeper  e p i d e r m i s  and even t o  t h e  
dermis .  The s u r f a c e  of  t h e  s k i n  was never  broken and t h e r e  seemed t o  
be  no ev idence  of  i r r e v e r s i b l e  c e l l  change. Fol lowing removal  of  t h e  
p e t r o l e u m ,  s k i n  i n t e g r i t y  was q u i c k l y  r e s t o r e d .  I n  c o n t r a s t ,  t h e  
s u p e r f i c i a l  and i n t e r m e d i a t e  l a y e r s  o f  t h e  e p i d e r m i s  o f  a  s p e r m  
w h a l e  t h a t  was  e x p o s e d  t o  p e t r o l  f o r  17 h o u r s  w e r e  e i t h e r  e r o d e d  
c o m p l e t e l y  a w a y  o r  s e v e r e l y  d a m a g e d .  T h e  d e e p e r  s t r a t u m  
g e r m i n a t i v u m ,  h o w e v e r ,  was  n o t  a f f e c t e d .  The a c t i o n  o f  t h e  p e t r o l  
seemed t o  be due t o  t h e  i ts  s o l v e n t  e f f e c t  on n a t u r a l  s k i n  o i l s .  I n  
an e x t e n s i o n  of t h i s  t r i a l ,  e x p e r i m e n t a l l y  induced s k i n  wounds were 
c o n t a m i n a t e d  by c r u d e  o i l  and p e t r o l  i n  an  i n v e s t i g a t i o n  o f  wound 
h e a l i n g .  C o n t a m i n a t i o n  w i t h  p e t r o l e u m  p r o d u c t s  d i d  n o t  d e l a y  t h e  
h e a l i n g  of  t h e  s k i n  wounds compared w i t h  c o n t r o l s .  
I n  a d d i t i o n  t o  a n a t o m i c a l  and h i s t o l o g i c a l  s t u d i e s ,  t h e  e f f e c t s  
of  o i l  on s k i n  b iochemica l  p a r a m e t e r s  was measured. The s y n t h e s i s  o f  
p h o s p h o l i p i d ,  an  i m p o r t a n t  componen t  o f  c e l l  membranes  and o t h e r  
c e l l u l a r  s t r u c t u r e s ,  was  d e p r e s s e d  by p e t r o l e u m ,  I n h i b i t i o n  o f  
p h o s o l i p i d  s y n t h e s i s  and subsequent  l o s s  of  c e l l  i n t e g r i t y  may have 
been r e s p o n s i b l e  f o r  t h e  t r a n s i e n t  damage observed i n  t h e  ep ide rmis .  
S k i n  m e t a b o l i c  a c t i v i t y  and c e r t a i n  e n z y m i c  r e a c t i o n s  w e r e  n o t  
a l t e r e d .  
It t h e r e f o r e  a p p e a r s  t h a t  b r i e f  e x t e r n a l  con tamina t ion  w i t h  o i l  
i s  n o t  t h r e a t e n i n g  t o  ce taceans .  Gerac i  and S t .  Aubin (1982) were o f  
t h e  o p i n i o n  t h a t  o i l  would  n o t  a d h e r e  t o  t h e  e x t r e m e l y  s m o o t h  
c e t a c e a n  s k i n  and t h a t  w h a l e s  would  n o t  s u f f e r  s k i n  e f f e c t s  f r o m  
o i l .  However, t h e  bowhead whale,  a  r a t h e r  slow-moving c e t a c e a n ,  h a s  
now been  shown t o  h a v e  a  more c o n v e n t i o n a l  s k i n  ( H a l d i m a n ,  Henk, 
Henry and A l b e r t ,  1 9 8 3 ) .  E x p o s u r e  o f  7 5  m i n u t e s  o r  17 h o u r s  t o  
p e t r o l e u m  a r e  u n l i k e l y  t o  b e  e n c o u n t e r e d  by w i l d  a n i m a l s  a f t e r  
a c t u a l  s p i l l a g e s ,  and t h e  s k i n  damage d e s c r i b e d  i s  u n l i k e l y  t o  b e  
s u s t a i n e d .  I n  t h e  c a s e  o f  s k i n  e r o s i o n ,  w h i c h  o c c u r r e d  a f t e r  t h e  
long p e r i o d s  o f  pe t ro leum exposure ,  one must however, c o n s i d e r  t h e  
p o s s i b i l i  t y  o f  problems of  osmot ic  h o m e o s t a s i s  and i n t r o d u c t i o n  o f  
pa thogen ic  microorganisms.  We have exper ienced  t h a t  do lph in  s k i n  i s  
v e r y  s e n s i t i v e  t o  i n f e c t i o n  w i t h  p y o g e n i c  b a c t e r i a  i f  b r o k e n  o r  
e r o d e d  ( G r i f f i t h s ,  1983). 
The i n t e r n a l  e f f e c t s  of  p e t r o l e u m  p r o d u c t s  on w h a l e s  a f t e r  
i n g e s t i o n  and i n h a l a t i o n  w e r e  o n l y  e s t i m a t e d  i n d i r e c t l y ,  f r o m  a  
comparison w i t h  t h e  known t o x i c  e f f e c t s  i n  o t h e r  mammals and from an 
i n v e s t i g a t i o n  o f  t h e  p h y s i c a l  e f f e c t s  of  o i l  on b a l e e n  in v i t r o .  
Without  conduc t ing  any e x p e r i m e n t a l  s t u d y ,  b u t  from t h e  u s e  o f  t o x i c  
d o s e s  i n  o t h e r  s p e c i e s ,  G e r a c i  and S t .  Aubin  (1982)  c a l c u l a t e d  a 
b o t t l e n o s e d  d o l p h i n  would  need  t o  s w a l l o w  b e t w e e n  o n e  and f i v e  
l i t r e s ,  and a  f i n  w h a l e  200 - 1 , 0 0 0  l i t r e s ,  t o  s u f f e r  a  f a t a l  
r e s u l t .  F u r t h e r ,  t h e y  e s t i m a t e d  t h a t  it would be a l m o s t  i m p o s s i b l e  
f o r  a  c e t a c e a n  i n  open  s e a  t o  i n h a l e  enough  p e t r o l e u m  vapour  t o  d o  
any s i g n i f i c a n t  damage, even under t h e  most unfavourab le  c o n d i t i o n s  
( r a p i d  e v a p o r a t i o n  a n d  l o w  w i n d  s p e e d ) .  T h e y  d i d ,  h o w e v e r ,  
i n v e s t i g a t e  t h e  r e s u l t  of  c r u d e  o i l  i n g e s t i o n  i n  r a t s ,  and f o u n d  
t h a t  o i l  was  a  v e r y  p o t e n t  i n d u c e r  of  t h e  l i v e r  enzyme Cytochrome  
p450. The a u t h o r s  recommended t h a t  t h e  a c t i v i t y  o f  t h i s  enzyme b e  
measured i n  c a s e s  o f  s u s p e c t e d  pe t ro leum exposure  i n  c e t a c e a n s  a s  a  
p o s s i b l e  measure of t h e  d e g r e e  of exposure.  
Some i n f o r m a t i o n  from an e a r l i e r  exper imen t  was inc luded  i n  t h e  
r e p o r t ,  on t h e  i n t e r n a l  e f f e c t s  of r e f i n e d  machine o i l  i n g e s t i o n .  I n  
o n e  e x p e r i m e n t  12ml  o i l  was a p p l i e d  f i v e  d a y s  p e r  week f o r  t h r e e  
months t o  t h e  s u r f a c e  of  a  t a n k  ho ld ing  f o u r  d o l p h i n s ,  w i t h  an e x t r a  
236ml e v e r y  two weeks, w h i l e  i n  t h e  o t h e r  t e s t  f i v e  mi l l i l i t r es  p e r  
d a y ,  f i v e  d a y s  p e r  week ,  was f e d  t o  a  s i n g l e  a n i m a l  i n  f i s h .  A 
second d o l p h i n ,  fed  m i n e r a l  o i l ,  a c t e d  a s  a  c o n t r o l .  I n  r e sponse  t o  
t h e  a p p l i c a t i o n  o f  o i l  t o  t h e  w a t e r  s u r f a c e ,  o n e  o n l y  o f  t h e  f o u r  
a n i m a l s  showed ev idence  o f  m i l d  l i v e r  damage, w i t h  plasma l e v e l s  of 
t h e  enzyme g l u t a m i c  p y r u v i c  t r a n s a m i n a s e  (GPT) i n c r e a s e d  two-  t o  
t h r e e - f o l d  a f t e r  a  month.  The a u t h o r s  t h o u g h t  t h i s  t o  b e  more  
c h a r a c t e r i s t i c  of  t r e m a t o d e  damage than o i l  damage. The exper imen t  
d o e s  n o t ,  h o w e v e r ,  i n d i c a t e  how much o i l  t h e  d o l p h i n s  a c t u a l l y  
i n h a l e d  o r  i n g e s t e d ,  s i n c e  no t i s s u e  s a m p l e s  w e r e  c o l l e c t e d  f o r  
measurement of  pe t ro leum c o n c e n t r a t i o n .  E t  i s  a l s o  n o t  r e p o r t e d  i f  
t h e  a n i m a l s  e x h i b i t e d  t h e  same d r a m a t i c  a v e r s i o n  t o  c o n t a c t  w i t h  
s u r f a c e  o i l  a s  occur red  i n  t h e  p r e v i o u s l y  d e s c r i b e d  exper imen t  (St.  
Aubin e t  a l , ,  1 9 8 5 ) ,  o r  i f  i n s t e a d  t h e y  became  h a b i t u a t e d  t o  it. I n  
t h e  s e c o n d  e x p e r i m e n t  a  s i n g l e  d o l p h i n  r e c e i v e d  2251111 o i l  o r a l l y  
o v e r  some t h r e e  months .  I n  t h i s  a n i m a l  t h e r e  was  no e l e v a t i o n  o f  
b l o o d  GPT c o n c e n t r a t i o n  and no s u g g e s t i o n  o f  l i v e r  damage.  I t  i s  
i m p o s s i b l e  t o  s a y  i f  t h e  d o l p h i n s  i n g e s t e d  o i l  a t  a l l ,  b u t  i f  t h e y  
d i d  t h e n  i t  would  a p p e a r  t h a t  c h r o n i c  i n g e s t i o n  o f  l o w  l e v e l s  o f  
some t y p e s  o f  pe t ro leum does  n o t  harm d o l p h i n s  s i g n i f i c a n t l y .  
I n  t h e i r  i n v e s t i g a t i o n  o f  a  p o s s i b l e  e f f e c t  of  o i l  p o l l u t i o n  on 
t h e  l a r g e  w h a l e s ,  G e r a c i  and S t .  Aubin  (1982)  i n v e s t i g a t e d  t h e  
f o u l i n g  a c t i o n  o f  c e r t a i n  o i l s  on b a l e e n  in v i t r o  a t  1 5 ' ~ .  I n  t h i s  
t r i a l  t h e  f low of w a t e r  through l e a v e s  o f  b a l e e n  was measured b e f o r e  
and a f t e r  f o u l i n g  t h e  b a l e e n  w i t h  o i l s  o f  v a r i o u s  d e n s i t i e s  (medium 
c r u d e  o i l ,  l i g h t  c r u d e  o i l ,  Bunker  C f u e l  o i l  and r o o f i n g  t a r ) ,  
Crude o i l  f o u l i n g  of  b a l e e n  i n c r e a s e d  w a t e r  f low r e s i s t a n c e  f o r  f i v e  
t o  40  s e c o n d s  b e f o r e  f l o w  r e t u r n e d  t o  n o r m a l ,  w h i l e  Bunker  C f u e l  
o i l  and r o o f i n g  t a r  s e v e r e l y  impeded  f l o w  f o r  1 0  t o  15 m i n u t e s .  
T h e r e a f t e r  f low r e t u r n e d  t o  normal a l t h o u g h  t h e  h a i r s  remained o i l -  
fouled .  These e f f e c t s  were c o n s i s t e n t  w i t h  r e p e a t e d  exposure  t o  o i l  
and were n o t  a d d i t i v e .  Continuous r i n s i n g  of  t h e  ba leen  w i t h  c l e a n  
sea-water  removed most of t h e  c r u d e  o i l  i n  one hour ,  and most of  t h e  
Bunker C f u e l  o i l  i n  20 hours ,  Corresponding f i g u r e s  were n o t  g iven  
f o r  r o o f i n g  t a r .  I t  c o u l d  b e  e x p e c t e d  t h a t  t h e  e f f e c t s  would  b e  
somewhat  more  p e r s i s t e n t  u n d e r  B a r e n t s  S e a  c o n d i t i o n s  w i t h  w a t e r  
t e m p e r a t u r e s  of  belot t  8'C. 
I t  a p p e a r s  f rom t h i s  l a t t e r  e x p e r i m e n t  t h a t  f o u l i n g  o f  t h e  
b u c c a l  c a v i t y  o f  a  b a l e e n  w h a l e  by l i g h t  c r u d e  o i l  would n o t  p o s e  
any l a s t i n g  impediment t o  i t s  f e e d i n g  e f f i c i e n c y ,  w h i l e  t h i c k  f u e l  
o i l  would be  r e t a i n e d  and would i m p a i r  w a t e r  f low o u t  of  t h e  mouth 
f o r  some hours ,  p a r t i c u l a r l y  a t  very low wate r  t empera tu res .  I n  t h e  
l i v e  a n i m a l ,  however, most o f  t h e  o i l  a t t a c h e d  t o  t h e  i n n e r  s u r f a c e  
of t h e  b a l e e n  would presumably be q u i c k l y  removed mechan ica l ly  by 
movement of  t h e  tongue and food ,  and swallowed.  U n f o r t u n a t e l y ,  t h e  
a u t h o r s  do n o t  p rov ide  any e s t i r n a t i o n  of  t h e  amount o f  o i l  l i k e l y  t o  
be t r a p p e d  by t h e  t o t a l  b a l e e n  s u r f a c e  and s u b s e q u e n t l y  swallowed. 
If we c o n s i d e r  t h e  a p p l i c a t i o n  of t h i s  work t o  t h e  B a r e n t s  Sea ,  
it would seem t h a t  b o t h  l a r g e  whales  and s m a l l e r  d o l p h i n s  w i l l  n o t  
be t h r e a t e n e d  by t r a n s i e n t  c o n t a c t  w i t h  f l o a t i n g  s u r f a c e  o i l  a f t e r  a 
s p i l l a g e .  W h i l e  s m a l l e r  t o o t h e d  w h a l e s  w e r e  shown t o  b e  a b l e  t o  
d e t e c t  and a v o i d  t h i c k e r  l a y e r s  o f  f l o a t i n g  o i l  u n d e r  o p t i m a l  
c o n d i t i o n s ,  o i l  a t  s e a  would q u i c k l y  form l a y e r s  t o o  t h i n  t o  d e t e c t .  
T h e r e  a r e  a l s o  e x a m p l e s  f r o m  a c t u a l  s p i i l s  w h e r e  d o l p h i n s  d i d  n o t  
a v o i d  s p i l l e d  o i l  and c o n t i n u e d  t o  f e e d  i n  i t s  p r e s e n c e .  L a r g e r  
w h a l e s  h a v e  a l s o  been  s e e n  swimming and f e e d i n g  i n  o i l - s t a i n e d  
w a t e r .  However ,  G e r a c i  and  S t .  Aubin (1982)  h a v e  shown t h a t  e v e n  
p r o l o n g e d  s k i n  c o n t a c t  i s  m o s t  u n l i k e l y  t o  b e  h a r m f u l .  The o n l y  
r e s e r v a t i o n  r e m a i n i n g  i s  t h e  i n t e r n a l  e f f e c t  o f  o i l  i n g e s t i o n .  
M i g r a t i n g  w h a l e s  would  p r o b a b l y  n o t  t a k e  i n  much o i l .  A c t i v e l y  
f e e d i n g  w h a l e s ,  c o u l d ,  h o w e v e r ,  t a k e  i n  l a r g e r  q u a n t i t i e s .  W h i l e  
t r a c e  a m o u n t s  of o i l  a d m i n i s t e r e d  c h r o n i c a l l y  t o  d o l p h i n s  had no 
ha rmfu l  e f f e c t ,  t h e  e f f e c t  of a  s u b s t a n t i a l  amount of  c r u d e  o i l  o v e r  
a  s h o r t  t i m e  could be  harmful .  We r e f e r  t o  t h e  s i t u a t i o n  i n  s e a l s ,  
w h e r e  o r a l  a d r n i n i s t r a t i o n  o f  o i l  t o  s e a l s  u n d e r  c o n t r o l l e d  
e x p e r i m e n t a l  c o n d i t i o n s  c a u s e d  l i t t l e  ill e f f e c t  y e t  s e a l s  h a v e  
r e p e a t e d l y  d i e d  i n  n a t u r e  f rom o i l  i n t o x i c a t i o n ,  p a r t i c u l a r l y  i f  
t h e y  a l r e a d y  had o t h e r  h e a l t h  problems such a s  a  p a r a s i t e  load.  The 
e f f e c t s  of i n g e s t e d  o i l  i n  c e t a c e a n s  r e m a i n s  unknown. We c a n  
surrn ise ,  however, t h a t  t h e  number of  c e t a c e a n s  t h a t  would be  k i l l e d  
a f t e r  an o i l  s p i l l a g e  would be very  low, w h i l e  t h e  d i s c o m f o r t  caused 
t o  c e r t a i n  i n d i v i d u a l s  might  be  s i g n i f i c a n t .  
7-  OTBER EFFECTS OF PETROLEUM EXPLORATION AND PRODUCTION 
ON WARINE KAMMALS 
To t h i s  p o i n t  we h a v e  l i m i t e d  t h e  d i s c u s s i o n  t o  t h e  d i r e c t  
e f f e c t s  of  pe t ro leum on mar ine  mammals a f t e r  c o n t a c t .  However t h e  
e s t a b l i s h m e n t  of a  pe t ro leum i n d u s t r y  i n  t h e  B a r e n t s  Sea w i l l  have  
c o n s e q u e n c e s  f o r  t h e  m a r i n e  mammals o f  t h e  a r e a  l o n g  b e f o r e  t h e  
f i r s t  o i l  i s  e x t r a c t e d .  T h e s e  o t h e r  c o n s e q u e n c e s  we w i l l  r e v i e w  
here .  
The e s t a b l i s h m e n t  and o p e r a t i o n  of  d r i l l i n g  p l a t f o r m s ,  d r i l l i n g  
s h i p s  and p i p e l i n e s  i n v o l v e s  t h e  p r o d u c t i o n  o f  n o i s e  u n d e r  w a t e r .  
Normal s e r v i c e  sh ipp ing  and h e l i c o p t e r  t r a f f i c  i n v o l v e s  bo th  over-  
and u n d e r - w a t e r  n o i s e .  IJe may e x p e c t  a v a r i e t y  o f  n o i s e  t y p e s ,  n o t  
a l l  o f  w h i c h  may h a v e  e f f e c t s  on t h e  s u r r o u n d i n g  l i f e ,  and n o i s e  
m u s t  t h e r e f o r e  b e  c h a r a c t e r i s e d  b e f o r e  i t  c a n  b e  a d e q u a t e l y  
d i s c u s s e d  - con t inuous  o r  i n t e r m i t t e n t ,  loud o r  f a i n t ,  c o n s t a n t  i n  
p i t c h  and i n t e n s i t y  o r  v a r i a b l e .  \?e c a n  i n  t h e o r y  d i v i d e  t h e  
p o s s i b l e  e f f e c t s  of  n o i s e  on mar ine  mammals p o p u l a t i o n s  i n t o  f o u r :  
(1) The n o i s e  may be  benign and a n i m a l s  may i g n o r e  it, (2) It  may be  
o f  a  l o u d n e s s  and f requency  t h a t  matches  t h a t  which mar ine  mammals 
u s e  f o r  s o c i a l  s i g n a l l i n g  s o  t h a t  it i n t e r f e r e s  w i t h  communication. 
(3 )  I t  may b e  o f  a  l o u d n e s s  and d u r a t i o n  w h i c h  i n i t i a l l y  p r o d u c e s  
a l a rm b u t  t o  which a n i m a l s  rnay h a b i t u a t e .  F i n a l l y ,  ( 4 )  it may be  of 
an i n t e r m i t t e n t  and i r r e g u l a r  n a t u r e  t o  w h i c h  a n i m a l s  c a n n o t  
h a b i t u a t e .  I n  t h e  e v a l u a t i o n  o f  t h e  p o s s i b l e  e f f e c t s  o f  n o i s e  o n e  
c a n  u s e  a c t u a l  e x p e r i m e n t a l  and c a s e  d a t a  w h e r e  a n i m a l s  h a v e  b e e n  
e x p o s e d  t o  n o i s e ,  o r  o n e  c a n  m e a s u r e  t h e  f r e q u e n c y  and l o u d n e s s  o f  
p r o d u c e d  n o i s e  and c o m p a r e  i t  t o  t h e  known f r e q u e n c y  r a n g e s  o f  
h e a r i n g  i n  mar ine  mammals, 
N o i s e s  may be  d i v i d e d  i n t o , t h o s e  t h a t  d i r e c t l y  damage a c o u s t i c  
s e n s o r y  s t r u c t u r e s  and t h o s e  t h a t  have  a  non -aud i to ry  e f f e c t  ( T u r l ,  
1982). I n  t h e  f o r m e r  c a t e g o r y ,  damage t o  a u d i t o r y  s t r u c t u r e s  rnay b e  
produced  by b r i e f  e x p o s u r e s  t o  v e r y  i n t e n s e  sounds  o r  by p r o l o n g e d  
e x p o s u r e  t o  l o w e r  l e v e l s  o f  sound .  H i g h  f r e q u e n c y  p u r e  t o n e s  o r  
na r row bands  o f  n o i s e  t e n d  t o  p roduce  changes  i n  l o c a l i z e d  r e g i o n s  
o f  t h e  i n n e r  e a r ,  l o w  f r e q u e n c y  o r  r andom a n d  b r o a d b a n d  n o i s e  
p r o d u c e s  c h a n g e s  t h r o u g h o u t  t h e  c o c h l e a .  The a c t u a l  e x t e n t  o f  t h e  
ddmage depends  on t h e  i n t e n s i t y ,  s p e c t r u m ,  d u r a t i o n  and t h e  e x p o s u r e  
p a t t e r n  o f  t h e  n o i s e  s o u r c e ,  and  r e s t  p e r i o d s  b e t w e e n  e x p o s u r e  
s i g n i f i c a n t l y  r e d u c e  t h e  e x t e n t  o f  p e r m a n e n t  damage ,  The non-  
a u d i t o r y  e f f e c t s  o f  n o i s e  a r e  t h o s e  o f  p h y s i o l o g i c a l  s t r e s s ,  w i t h  
s i g n s  s i r n i l a r  t o  t h o s e  s e e n  a f t e r  e x p o s u r e  t o  ex t re rne  h e a t  o r  co ld .  
T h e s e  r e s p o n s e s  i n c l u d e  a  v a r i e t y  o f  m e a s u r a b l e  p h y s i o l o g i c a l  
changes ,  s u c h  a s  i n c r e a s e d  b lood  p r e s s u r e ,  i n c r e a s e d  c o r t i c o s t e r o i d  
l e v e l  and i n c r e a s e d  a d r e n a l  g l a n d  w e i g h t .  P ro longed  stress o f  t h i s  
t y p e  c a n  e x h a u s t  a n  a n i m a l ' s  r e s i s t a n c e  t o  i n f e c t i o n  and  d i s e a s e  
a n d ,  i n  e x t r e m e  c a s e s ,  c a n  r e s u l t  i n  d e a t h .  A c c o r d i n g  t o  T u r l  
(1982) ,  n o i s e  produced  a t  d e e p e r  d e p t h s  s u c h  a s  w i l l  be  used  i n  t h e  
B a r e n t s  S e a ,  a f f e c t s  l a r g e r  a r e a s  t h a n  s h a l l o w  w a t e r  d r i l l i n g  ( f o r  
example  t h e  Gul f  of Mexico) ,  b e c a u s e  sound i s  t r a n s m i t t e d  b e t t e r  a t  
g r e a t e r  d e p t h .  I n  s h a l l o w  w a t e r ,  t h e r e  may  b e  c o n s i d e r a b l e  
t r a n s m i s s i o n  l o s s  a t  t h e  s e a  s u r f a c e  and a t  t h e  bo t tom.  
The  m e c h a n i s m  o f  s o u n d  c o n d u c t i o n  t o  t h e  i n n e r  e a r  v a r i e s  
b e t w e e n  t h e  d i f f e r e n t  m a r i n e  mammals .  I n  d o l p h i n s ,  s o u n d  i s  
t r a n s m i t t e d  t h r o u g h  t h e  m e d u l l a  o f  t h e  l o w e r  j a w  t h r o u g h  t h e  
m a n d i b u l a r  j o i n t  d i r e c t l y  t o  t h e  i n n e r  e a r  ( N o r r i s ,  1969) .  I n  t h e  
l a r g e r  w h a l e s  and  i n  p i n n i p e d s ,  s o u n d  i s  t s a n s f e r r e d  d i r e c t l y  
t h r o u g h  t h e  s k u l l  t o  t h e  i n n e r  e a r  w h i l s t  a n i r n a l s  a r e  i n  t h e  w a t e r ,  
a l t h o u g h  a e r i a l  sound t r a n s m i s s i o n  i n  s e a l s  i s  a p p a r e n t l y  t y p i c a l l y  
mammalian ( T u r l ,  1982). 
P u b l i s h e d  m e a s u r e m e n t s  o f  t h e  w a v e l e n g t h s  and i n t e n s i t i e s  o f  
u n d e r w a t e r  s o u n d s  g e n e r a t e d  b y  d r i l l å n g  p l a t f o r m s  a r e  p r e s e n t l y  
l i m i t e d  ( T u r l ,  1982) ,  a l t h o u g h  t h e r e  i s  c o n s i d e r a b l e  i n t e r e s t  i n  t h e  
s u b j e c t ,  p a r t i c u l a r l y  i n  t h e  B e a u f o r t  Sea  o f f  Canada, which  can be  
e x p e c t e d  o v e r  t h e  c o m i n g  few y e a r s  t o  c o n s i d e r a b l y  i n c r e a s e  t h e  
amount of knowledge  s v a i l a b l e .  Comparison o f  n o i s e  c h a r a c t e r i s t i c s  
o f  o i l  r e c o v e r y  o p e r a t i o n s  w i t h  m a r i n e  mamma1 a u d i o g r a m s  c a n  
t h e r e f o r e  b e  o n l y  p a r t i a l l y  accompl i shed ,  I n  g e n e r a l ,  t h e  f r e q u e n c y  
r a n g e  o f  n o i s e  f rom o f f s h o r e  o i l  and g a s  d r i l l i n g , a c t i v i t i e s  i s  f rom 
t e n  H e r t z  t o  t e n  k i l o H e r t z  w i t h  peak s o u r c e  l e v e l s  be tween  130dB and 
180dB ( T u r l ,  1982). Greene  (1982) ,  quo ted  by F r a k e r  (1984)  measured 
l e v e l s  o f  n o i s e  o r i g i n a t i n g  f r o m  v a r i o u s  s h i p s ,  a i r c r a f t  and  
d r i l l i n g  d e v i c e s  i n  t h e  B e a u f o r t  Sea  and found a f r e q u e n c y  r a n g e  o f  
0-2,000Hz and an i n t e n s i t y  a t  100m d i s t a n c e  o f  180dB t o  100dB. After 
c o n s i d e r a t i o n  o f  peak n o i s e  o u t p u t  Leve l  f rom p l a t f o r m s  and a m b i e n t  
o c e a n  b a c k g r o u n d  n o i s e  l e v e l ,  T u r l  ( 1 9 8 2 )  c a l c u l a t e d  t h a t  min imum 
d e t e c t i o r i  r a n g e s  by m a r i n e  mammals were 38k1r, a t  0.02kHz and 174km a t  
1 .00kHz. 
A c c u r a t e  e s t i m a t i o n  of t h e  e f f e c t s  of n o i s e  on m a r i n e  mammals 
i s  a l s o  l i m i t e d  b y  p o o r  u n d e r s t a n d i n g  o f  t h e  f r e q u e n c y  r a n g e  t o  
w h i c h  t h e s e  a n i m a l s  a r e  s e n s i t i v e ,  p a r t i c u l a r l y  a t  t h e  l o w e r  
f r e q u e n c i e s  ( T u r l ,  1982). Hea r ing  s e n s i t i v i t i e s  i n  l a r g e  w h a l e s  have  
n o t  been  measured  a t  a l l .  One g u i d e l i n e  p r e s e n t l y  u sed  i s  t o  m e a s u r e  
t h e  f r e q u e n c y  r a n g e  o f  sound p r o d u c t i o n  and t o  assume t h a t  a n i m a l s  
a r e  a t  l e a s t  s e n s i t i v e  t o  t h e i r  own f r e q u e n c i e s .  Four  c a t e g o r i e s  o f  
s o u n d  a r e  p r o d u c e d  by  m y s t i c e t e  w h a l e s  ( T u r l ,  1982) .  The  f i r s t  
i n c l u d e  l o w  f r e q u e n c y  m o a n s  o f  f r e q u e n c y  r a n g e  1 2  - 5OOHz. The  
second g r o u p  c o m p r i s e  g r u n t s ,  thumps and knocks  o f  s h o r t  d u r a t i o n  i n  
t h e  40 - 200Hz r ange ,  Group t h r e e  sounds  c o n s i s t  of s h o r t ,  d i s c r e t e  
p u l s e s  o f  h i g h e r  p i t c h e d  c h i r p s  and w h i s t l e s  a round 1,00OHz, w h i l e  
t h e  l a s t  s o u n d  g r o u p  i s  c l i c k s  o r  p u l s e s  t h a t  h a v e  p e a k  e n e r g y  a t  
h i g h  f r e q u e n c i e s ,  o f t e n  b e t w e e n  20  a n d  30kHz. ide c a n  t h e r e f o r e  
a s s u m e  t h a t  l a r g e r  w h a l e s  h e a r  s o u n d s  a t  l e a s t  b e t w e e n  12Hz and  
30kHz. A c t u a l  aud iog rams  of s m a l l e r  w h a l e s  a n d  p i n n i p e d s  i n d i c a t e  
t h a t  peak  h e a r i n g  s e n s i t i v i t y  of t o o t h e d  w h a l e s  o c c u r s  be tween  5 and 
100kHz ( t h e  n o t a b l e  e x c e p t i o n  i s  t h e  k i l l e r  w h a l e  whose  h e a r i n g  
b e g i n s  t o  f a l l  away a t  12kHz), and o f  p i n n i p e d s  I t o  12kHz. 
The conc lus ion  reached by Tur1  (1982) was t h a t  t h e  p o s s i b i l i t y  
e x i s t s  f o r  mar ine  mammals t o  be  d i s t u r b e d  by n o i s e  from pe t ro leum 
a c t i v i t i e s ,  i n  p a r t i c u l a r  d u r i n g  f e e d i n g ,  mat ing  and i n  p r o t e c t i n g  
young. The lower  f r equency  sounds produced by l a r g e  wha les  a r e  w e l l  
s u i t e d  f o r  l o n g - r a n g e  ~ o m m u n i ~ c a t i o n  a n d  i n t e r f e r e n c e  c o u l d  
s u b s t a n t i a l l y  reduce  t h e  d e t e c t i o n  range. The p o s s i b i l i t i e s  f o r  such 
a  d i s t u r b a n c e  may b e  v e r y  r e a l .  C o w l e s ,  Hansen and Hubbard (1981)  
r e p o r t e d  t h a t  t h e  s o u n d s  o f  l a r g e  A r c t i c  c l a s s  t a n k e r s  w i l l  b e  
c l e a r l y  heard  underwater  o v e r  an a r e a  of  30,000kmu, 
T h e s e  t h e o r e t i c a l  c a l c u l a t i o n s  a r e  s u p p o r t e d  b y  a c t u a l  
o b s e r v a t i o n .  There i s  some e x p e r i m e n t a l  ev idence  t h a t  whales  avoid  
n o i s e  f r o m  o i l  d e v e l o p m e n t .  Tyack ,  C l a r k  and Malme (1983)  p l a y e d  
r e c o r d i n g s  f r o m  a  p r o d u c t i o n  p l a t f o r m ,  d r i l l i n g  p l a t f o r m ,  
d r i l l s h i p ,  h e l i c o p t e r ,  s emi - submers ib le  d r i l l  r i g  and f i n a l l y  from 
k i l l e r  w h a l e s ,  t o  s o u t h w a r d  m i g r a t i n g  g r e y  w h a l e s  o f f  t h e  
C a l i f o r n i a n  coas t .  Grey whales  exposed t o  k i l l e r  whale,  p r o d u c t i o n  
p l a t f o r m ,  h e l i c o p t e r  and e x p l o r a t i o n  p l a t f o r m  s o u n d s  showed an  
avoidance  response  and swam away from t h e  s o u r c e  o f  t h e  sounds,  o r  
s l o w e d  down i n  t h e  v i c i n i t y  o f  t h e  s o u n d s .  F r a k e r  ( 1 9 8 4 )  r e p o r t e d  
s e e i n g  be luga  wha les  w i t h i n  f o u r  km of  an a r t i f i c i a l  i s l a n d  d r i l l i n g  
s i t e  i n  t h e  Mackenz ie  E s t u a r y ,  and bowhead w h a l e s  t h r e e  t o  s i x  km 
f r o m  a c t i v e  d r i l l  s h i p s  i n  t h e  B e a u f o r t  Sea .  A l l  t h e s e  w h a l e s  
a p p e a r e d  t o  b e  b e h a v i n g  n o r m a l l y  a l t h o u g h  t h e  n o i s e  l e v e l  i n  t h e  
a r e a  was w e l l  a b o v e  a m b i e n t .  T h e r e  i s  a l s o  some e v i d e n c e  t h a t  
c e r t a i n  a r e a s  o f  t h e  B e a u f o r t  S e a ,  o n c e  f r e q u e n t e d  by bowhead 
w h a l e s ,  h a v e  b e e n  abandoned  s i n c e  t h e  e s t a b l i s h m e n t  o f  p e t r o l e u m  
r e c o v e r y  o p e r a t i o n s ,  b u t  a d e q u a t e  s u r v e y  r e s u l t s  a r e  l a c k i n g  
( F r a k e r ,  1984). There i s  a l s o  a  s u g g e s t i o n  t h a t  w a l r u s  d i s t r i b u t i o n  
i n  t h e  Canadian A r c t i c  may have been a f f e c t e d  by t h e  e s t a b l i s h m e n t  
of  permanent  l o g i s t i c a l  b a s e s  (Cowles e t  a l . ,  1981), 
A s  a  summary it a p p e a r s  t h a t  h e a r i n g  i n  mar ine  mammals i s  good 
and t h a t  mos t  s p e c i e s  can  d e t e c t  s o u n d s  i n  t h e  10Hz t o  SOkHz range .  
T h e r e  i s  good e v i d e n c e  t h a t  t h e  b e h a v i o u r  o f  a t  l e a s t  some s p e c i e s  ' 
o f  w h a l e s  i s  a l t e r e d  by h i g h  l e v e l s  o f  u n n a t u r a l  n o i s e  and a l s o  some 
e v i d e n c e ,  a l t h o u g h  u n c o n f i r m e d  b y  s y s t e m a t i c  s u r v e y ,  o f  l o n g  term 
d i s t u r b a n c e  o f  t h e  m i g r a t i o n  o f  bowhead w h a l e s  a f t e r  e s t a b l i s h m e n t  
o f  o i l  o p e r a t i o n s .  The  e f f e c t s  o f  s u c h  a c t i v i t i e s  on p i n n i p e d s  h a s  
n o t  b e e n  shown.  Ide p r e d i c t  t h a t  p i n n i p e d s  o f  t h e  B a r e n t s  S e a  c o a s t  
w i l l  be  d i s t u r b e d  by b o a t  and h e l i c o p t e r  t r a f f i c  s e r v i c i n g  p e t r o l e u m  
p l a t f o r m s  b u t  t h a t  t h e  e f f e c t  o f  a n i m a l s  i n  t h e  o p e n  s e a  w i l l  b e  
s m a l l e r .  S e a l s  a r e  known t o  r e a c t  s t r o n g l y  t o  c e r t a i n  h i g h  f r e q u e n c y  
n o i s e s  ( M a t e ,  B r o w n  a n d  G r e e n l a w ,  1 9 8 3 )  b u t  t h e  a m o u n t  o f  
e x p e r i m e n t a l  e v i d e n c e  d o e s  n o t  a l l o w  f u r t h e r  s p e c u l a t i o n .  
By b l a s t s  we mean s h o c k  w a v e s  g e n e r a t e d  b y  a c t u a l  b l a s t i n g  
o p e r a t i o n s ,  b u t  a l s o  t h e  shock  waves produced  d u r i n g  s e i s m i c  mapping 
o f  t h e  ocean  f l o o r  i n  s e a r c h  o f  p e t r o l e u m .  
It i s  no s e c r e t  t h a t  t h e  shock  waves from u n d e r w a t e r  d e t o n a t i o n  
o f  e x p l o s i v e s  c a n  k i l 1  a n i m a l s .  Y e l v e r t o n ,  R ichmond ,  F l e t c h e r  a n d  
J o n e s  ( 1 9 7 3 )  d e s c r i b e d  t h e  e f f e c t s  o f  s u c h  b l a s t s  on s h e e p ,  d o g s ,  
monkeys and ducks  and c a l c u l a t e d  by e x p e r i m e n t  s a f e  d i s t a n c e s  f rom 
u n d e r w a t e r  e y p l o s i o n s .  D e t o n a t i o n  o f  v a r i o u s  c h a r g e s  t y p i c a l l y  
produced  a  p o s i t i v e  p r e s s u r e  wave o f  7  - 14kg-cm-" l a s t i n g  f rom 40 - 
8 0 > s e c ,  f o l l o w e d  by a  weaker  wave of n e g a t i v e  p r e s s u r e  l a s t i n g  a b o u t  
l O > s e c .  E f f e c t s  o f  b l a s t s  were w o r s e  i n  s h a l l o w  w a t e r  d u e  t o  t h e  
c r e a t i o n  o f  f u r t h e r  shock  waves r e f l e c t e d  f rom t h e  s e a  f l o o r .  Lung 
i n j u r y  o c c u r r e d  a t  a n  i m p u l s e  o f  a b o u t  2 . 4 k g * c m ' " * m s e c ,  
g a s t r o i n t e s t i n a l  i n j u r y  a t  i m p u l s e  1 . 8 k g ~ c m - ' ~ ~ m s e c  and no damage was 
r e c o r d e d  b e l o w  t h e  l e v e l  o f  0.7kgecm--9rnsec. Most  d a m a g e  w a s  
c o n f i n e d  t o  t h e  l u n g s  and t h e  g a s t r o i n t e s t i n a l  s y s t e m  and c o n s i s t e d  
o f  w i d e s p r e a d  b u t  l o c a l i z e d  b r u i s i n g ,  some  o f  w h i c h  w a s  s e v e r e  
enough t o  r e s u l t  i n  mucosa l  u l c e r a t i o n  and melaena,  Eardrum r u p t u r e  
o c c u r r e d  i n  50% o f  d o g s  a t  a n  i m p u l s e  o f  1 . 6 k g * c m - ~ * m s e c .  I n  
g e n e r a l ,  t h e  m o r e  g a s  a n  o r g a n  c o n t a i n e d ,  t h e  g r e a t e r  was  t h e  
i n c i d e n c e  o f  pa tho logy .  E x p l o s i v e s  w i t h  a  s l o w e r  d e t o n a t i o n  v e l o c i t y  
and s l o w e r  p r e s s u r e  i n c r e a s e  r a t e  ( d y n a m i t e )  were less  d e s t r u c t i v e  
t h a n  f a s t - b u r n i n g  e x p l o s i v e s  (TNT). 
Using t h e  f o r m u l a  deve loped  by Y e l v e r t o n  d. (1973) ,  G e r a c i  
a n d  S t .  Aub in  ( 1 9 8 0 )  c a l c u l a t e d  t h a t  t h e  s a f e  d i s t a n c e  f r o m  a  5kg  
c h a r g e  f o r  a  h a r b o u r  s e a 1  s w i m m i n g  a t  a  d e p t h  o f  25m i s  360m. They  
t h o u g h t  t h a t  m a r i n e  mammals  w o u l d  b e  m o r e  t o l e r a n t  o f  s u c h  s h o c k  
e f f e c t s  t h a n  t e r r e s t r i a l  mammals ,  b e c a u s e  t h e y  h a v e  t h i c k e r  b o d y  
w a l l s  and  a r e  a d a p t e d  t o  w i t h s t a n d  t h e  e f f e c t s  o f  p r e s s u r e ,  
S u s c e p t i b i l i t y  a l s o  i n c r e a s e s  w i t h  d e c r e a s i n g  s i z e .  I n  one  c a s e ,  a  
C a l i f o r n i a  s e a  l i o n  was k i l l e d  by an u n d e r w a t e r  e x p l o s i o n  w h i l e  g r e y  
w h a l e s  i n  t h e  same a r e a  a p p a r e n t l y  went  unharmed ( F i t c h  and Young, 
1948). Sea o t t e r s  and h a r b o u r  s e a l s  we re  a l s o  found dead d u r i n g  t h e  
A l e u t i a n  I s l a n d s  n u c l e a r  t e s t i n g  p r o g r a m m e  ( G e r a c i  and  S t .  Aubbn,  
1-9801, b u t  t h i s  b l a s t  w a s  h o p e f u l l y  o u t s i d e  t h e  r a n g e  o f  b l a s t s  
l i k e l y  t o  be  e n c o u n t e r e d  i n  t h e  B a r e n t s  Sea.  . 
Modern  s e i s m i c  e x p l o r a t i o n  u s e s  a s  a  s o u n d  s o u r c e  t h e  r a p i d  
r e l e a s e  o f  compressed  a i r  i n  u n i t s  ( a i r - g u n s )  towed beh ind  v e s s e l s  
( F r a k e r ,  1 9 8 4 ) ,  w i t h  s h o c k s  p r o d u c e d  u s u a l l y  e v e r y  t e n  s e c o n d s  o r  
s o .  A t  a  d i s t a n c e  o f  100m f r o m  o n e  s u c h  s o u r c e ,  a  s o u n d  l e v e l  o f  
206dB was  m e a s u r e d .  S h o c k  w a v e s  s o  p r o d u c e d  d i f f e r  f r o m  t h o s e  o f  
e x p l o s i v e s  i n  t h a t  peak  p r e s s u r e s  a r e  l ow  and b o t h  t h e  r ise  and f a l l  
t imes  o f  t h e  s h o c k  p u l s e  a r e  r e l a t i v e l y  l o n g .  S h o c k  w a v e s  s o  
g e n e r a t e d  a r e  h a r m l e s s  t o  f i s h  and  a l m o s t  c e r t a i n l y  t o  m a r i n e  
mammals ( G e r a c i  and S t ,  Aubin,  1980). However,  w h e t h e r  t h e y  p roduce  
d i s t u r b a n c e  t o  i n d i v i d u a l  a n i m a l s  o r  t o  g r o u p s  h a s  n o t  b e e n  
a d e q u a t e l y  i n v e s t i g a  t e d .  
I n  one e x p e r i m e n t  ( F r a k e r ,  19841, bowhead w h a l e s  d i d  n o t  r e a c t  
t o  a i r - g u n  d i s c h a r g e s  a t  a  d i s t a n c e  o f  t e n  km b u t  a t  f o u r  and a  h a l f  
km t h e r e  w a s  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  a m o u n t  o f  t ime  t h e  
w h a l e s  s p e n t  a t  t h e  s u r f a c e ,  T h e r e  w a s  n e v e r  o b s e r v e d  a n y  o b v i o u s  
a v e r s i o n  t o  a i r -gun  d e t o n a t i o n  and i n  o t h e r  e x p e r i m e n t s  no t e n d e n c y  
t o  move away from s e i s m i c  b o a t s .  One b e h a v i o u r  t h a t  was no t ed  i n  t h e  
p r e s e n c e  o f  a i r -gun  u s e  was t h e  f o r m a t i o n  o f  t i g h t  g r o u p s  by s e v e r a l  
a n i m a l s  b u t  it was n o t  c l e a r  if t h i s  was a  r e a c t i o n  t o  t h e  sound o f  
t h e  g u n s .  G r e y  w h a l e s  o f f  t h e  C a l i f o r n i a n  c o a s t  r e a c t e d  m o r e  
v i g o u r o u s l y  t o  s i m i l a r  s o u n d s .  When d e t o n a t i o n  w a s  s t a r t e d  a t  a  
l o c a t i o n  f o u r  and  a  h a l f  km a w a y ,  t h e  w h a l e s  s l o w e d  down ,  t u r n e d  
away f rom t h e  s o u r c e  and i n c r e a s e d  t h e i r  r e s p i r a t i o n  r a t e s  ( C l a r k ,  
T y a c k ,  B i r d  and  R o w n t r e e ,  1983). If humpback  w h a l e s  i n  t h e  B a r e n t s  
S e a  r e a c t  s i m i l a r l y  t o  s u c h  s o u n d s ,  t h e r e  i s  t h e  p o s s i b i l i t y  f o r  
d i s t u r b a n c e  o f  t h e i r  annua1  m i g r a t i o n  p a t t e r n .  
T h e r e  i s  a p p a r e n t l y  no d a t a  a v a i l a b l e  on t h e  e f f e c t s  o f  a i r - g u n  
n o i s e  on b e h a v i o u r  o f  p i n n i p e d s .  
It seems t h a t  m a r i n e  mammals a r e  u n l i k e l y  t o  be  d i r e c t l y  harmed 
b y  t h e  t y p e s  o f  d e t o n a t i o n s  u s e d  f o r  s e i s m i c  m a p p i n g  a c t i v i t y .  
However, t h e r e  i s  a  good chance  t h a t  b e h a v i o u r  o f  l a r g e  w h a l e s  w i l l  
b e  a l t e r e d  w i t h i n  s o m e ,  a s  y e t  unknown,  c r i t i c a l  d i s t a n c e .  T h i s  
a v o i d a n c e  r e a c t i o n  i s  u n l i k e l y  t o  be  v i o l e n t  enough t o  b e  h a r m f u l ,  
f o r  e x a m p l e  t o  s e p a r a t e  m o t h e r s  f r o m  o f f s p r i n g .  I f  d e t o n a t i o n  o f  
e x p l o s i v e s  i s  t o  be u sed  i n  t h e  e s t a b l i s h m e n t  o f  d r i l l i n g  p l a t f o r m s  
t o  t h e  s e a  b e d ,  t h e n  a  number  o f  p i n n i p e d s  a n d  s m a l l e r  c e t a c e a n s  
w i l l  a l m o s t  c e r t a i n l y  b e  k i l l e d  q u i c k l y  and  o t h e r s  d i e  f r o m  
i n j u r i e s ,  a l t h o u g h  n o t  e n o u g h  t o  t h r e a t e n  a n y  p o p u l a t i o n .  I n  
p a r t i c u l a r ,  s t e p s  s h o u l d  b e  t a k e n  t o  e n s u r e  t h a t  t h e  humpack w h a l e  
m i g r a t i o n  t h r o u g h  t h e  s o u t h - w e s t e r n  B a r e n t s  Sea  is n o t  d i s t u r b e d  by 
t h e  e f f e c t s  o f  n o i s e  a n d  b l a s t ,  b y  o r g a n i z e d  s u r v e y  o f  n u m b e r s  a n d  
b y  e x p e r i m e n t a l  i n v e s t i g a t i o n .  A c c o r d i n g  t o  G e r a c i  a n d  S t .  A u b i n  
( 1 9 8 0 )  t h e r e  i s  s t i l l  a  l a r g e  d e f i c i e n c y  o f  i n f o r m a t i o n  on t h e  
e f f e c t s  o f  b l a s t  o n  b e h a v i o u r  w h i c h  n e e d s  t o  b e  f i l l e d  b y  
e x p e r i m e n t a l  s t u d i e s .  
7.3 Dri l l ing  muds and other chemicals 
A l a r g e  q u a n t i t y  o f  v a r i o u s  c h e m i c a l s  i s  u s e d  i n  t h e  d r i l l i n g  
of a n  o i l  o r  g a s  we l l  and e v e n t u a l l y  t h e s e  c h e m i c a l s  a r e  u s u a l l y  
dumped i n t o  t h e  ocean. I n  t h i s  s e c t i o n  w e  s h a l l  d e s c r i b e  t h e  n a t u r e  
of t h e s e  s u b s t a n c e s  and d i s c u s s  t h e  p o s s i b l e  c o n s e q u e n c e s  of t h i s  
dumping. 
D r i l l i n g  muds a r e  f l u i d s  used t o  l u b r i c a t e  t h e  d r i l l  b i t  when a  
s h a f t  i s  b e i n g  b o r e d  i n  t h e  o c e a n  f l o o r , r e t u r n  c u t t i n g s  t o  t h e  
s u r f a c e  and t o  c o u n t e r a c t  p r e s s u r e s  i n  t h e  w e l l  ( B e r r y ,  1983) .  The 
b a s e  f o r  t h e s e  muds c a n  e i t h e r  b e  w a t e r  o r  p e t r o l e u m ,  w i t h  t h e  
a d d i t i o n  of  v a r i o u s  compounds t o  a i d  t h e  d r i l l i n g  process .  Clcy i s  
used t o  i n c r e a s e  v i s c o s i t y .  B a r i t e  is used t o  i n c r e a s e  h y d r o s t a t i c  
p r e s s u r e  and make t h e  mud h e a v i e r  and a  t y p i c a l  w e l l  w i l l  u s e  
b e t w e e n  20 - 500 t o n n e s .  About 20 t o n n e s  o f  g e l ,  c o n s i s t i n g  o f  t h e  
c h e m i c a l s  p o t a s s i u m  c h l o r i d e  and f e r r o c h r o m e  l i g n o s u l p h o n a t e  a r e  
a l s o  u s e d .  One C a n a d i a n  r e p o r t  ( O f f s h o r e  L a b r a d o r  I n i t i a l  
E n v i r o n m e n t a l  A s s e s s m e n t ,  P e t r o - C a n a d a ,  1983)  l i s t s  t h a t  a b o u t  
320 ,000  l i t r e s  o f  c u t t i n g s  a r e  p r o d u c e d  f r o m  t h e  s e a  f l o o r  d u r i n g  
t h e  d r i l l i n g  of  a  t y p i c a l  s h a l l o w  w a t e r  w e l l  and t h a t  t h e s e  c u t t i n g s  
can a l s o  c o n t a i n  a  s i g n i f i c a n t  amount o f  heavy meta l s .  Provided t h a t  
t h e  w a t e r  dep th  i s  r e a s o n a b l y  g r e a t ,  t h e s e  muds and c u t t i n g s  a r e  a l l  
dumped i n t o  t h e  sea. C u t t i n g s  s i n k  t o  t h e  sea  f l o o r  w h i l e  t h e  o t h e r  
c o m p o n e n t s  d i s p e r s e  and d i s s o l v e .  The r e p o r t  c o n c l u d e d  " t h a t  
d r i l l i n g  mud d i s p o s a l  f r o m  e x p l o r a t o r y  d r i l l i n g  would  c a u s e  
l o c a l i z e d  b u t  e n v i r o n m e n t a l l y  a c c e p t a b l e  p e r t u r b a t i o n s  t o  --- marine  
l i f e t t  (p15) .  
The P e t r o - C a n a d a  r e p o r t  e x p r e s s e d  c o n s i d e r a b l e  concern  about  
t h e  p o t e n t i a l  f o r  c h r o n i c  p o l l u t i o n  by h e a v y  m e t a l s  i n  d r i l l i n g  
muds. Chromium was t h e  heavy m e t a l  of g r e a t e s t  concern. Ferrochrome 
l i g n o s u l p h o n a t e  is  used i n  s u b s t ' a n t i a l  q u a n t i t i e s  i n  mud s y s t e m s  and 
c o n s i d e r a b l e  a m o u n t s  o f  chromium c o u l 0  e n t e r  t h e  s e a  d u r i n g  mud 
dumping,  I n  a d d i t i o n ,  some s o u r c e s  o f  b a r i t e  (20--500 t o n n e s  p e r  
wel l )  c o n t a i n  h i g h  concen t r a t i o n s  o f  a r s e n i c ,  cadmium, mercu ry  and 
o t h e r  h e a v y  m e t a l s .  T h e r e  was  a  r e c o m m e n d a t i o n  t h a t  c a l c i u m  
l i g n o s u l p h o n a t e  r e p l a c e  f e r r o c h r o m e  l i g n o s u l p h o n a t e  i n  o r d e r  t o  
r e d u c e  t h e  q u a n t i t y  o f  c h r o m i u m  r e l e a s e d  and  t h a t  a r e a s  a r o u n d  
d r i l l i n g  o p e r a t i o n s  b e  r e g u l a r l y  m o n i t o r e d  f o r  a  b u i l d u p  o f  h e a v y  
m e t a l s .  
I n  Norway, o i l - b a s e d  d r i l l i n g  muds a r e  used  d u r i n g  t h e  d r i l l i n g  
o f  w e l l s ,  w h i c h  r e l e a s e s  l a r g e  q u a n t i t i e s  o f  o i l  i n t o  t h e  s e a .  The  
SFT ( 1 9 8 5 )  r e p o r t  q u o t e s  t h a t  i n  t h e  c o u r s e  o f  a  s i n g l e  y e a r  ( 1 9 8 2 )  
on t h e  Norwegian c o n t i n e n t a l  s h e l f ,  6,500,000m" o i l  ba sed  d r i l l i n g  
rnud w a s  u s e d ,  a s  c o m p a r e d  w i t h  1 0 0 , 0 0 0 m ~ ~  w a t e r  b a s e d  mud. T h i s  
a c t i v i t y  r e s u l t e d  i n  t h e  r e l e a s e  o f  4 , 0 0 0  t o n n e s  o f  h y d r o c a r b o n s  
i n t o  t h e  o c e a n .  T h i s  a m o u n t s  t o  a b o u t  80% o f  t h e  h y d r o c a r b o n  
s p i l l a g e  on t h e  Norwegian c o n t i n e n t a l  s h e l f .  The amount o f  c h e m i c a l s  
and  h e a v y  m e t a l s  t h a t  w e n t  o u t  w i t h  t h i s  o i l  was  n o t  known.  The  
r e p o r t  n o t e d  t h a t  t h e  e x t e n t  o f  b i o l o g i c a l  changes  a round p l a t f o r m s  
u s i n g  o i l - b a s e d  rnud -was g r e a t e r  t h a n  a round p l a t f o r m s  where  w a t e r -  
b a s e d  rnud w a s  u s e d  a n d  t h a t  t h e  u s e  o f  o i l - b a s e d  rnud i s  t o d a y  t h e  
b i g g e s t  s o u r c e  o f  c o n t i n u a l  h y d r o c a r b o n  p o l l u t i o n  f r o m  N o r w e g i a n  
o f f s h o r e  p e t r o l e u m  i n s t a l l a t i o n s .  F u r t h e r m o r e  t h e  u s e  o f  o i l - b a s e d  
rnud i s  s t e a d i l y  a n d  s t r o n g l y  i n c r e a s i n g .  The  r e p o r t  a d v i s e d  t h a t  
c l e a n i n g  u n i t s  b e  i n s t a l l e d  on o i l  i n s t a l l a t i o n s  w h e r e  o i l - b a s e d  
muds a r e  b e i n g  used ,  and t h a t  i n s t e a d  o f  d i e s e l - b a s e d  rnud, p a r a f f i n -  
b a s e d  rnud s h o u l d  b e  u s e d  w h i c h  h a s  o n l y  a b o u t  o n e  p e r c e n t  o f  t h e  
t o x i c i t y  o f  t h e  o t h e r .  We have  n o t  i n v e s t i g a t e d  t h e  u s e  o f  o i l - b a s e d  
rnud and t h e r e f o r e  c a n n o t  c r i t i c i z e  i t s  u s e  o t h e r  t h a n  t o  s a y  t h a t  i f  
a  c o n v e r s i o n  t o  w a t e r - b a s e d  rnud w a s  made ,  a  m a j o r  s o u r c e  o f  o i l  
p o l l u t i o n  o f  t h e  s e a  a round  Norway would be  avoided .  
The s p e c i f i c  e f f ec t  of d r i l l i n g  rnud u s e  o f  m a r i n e  mammals h a s  
n o t  b e e n  i n v e s t i g a t e d ,  b u t  t h e  d i r e c t  t o x i c i t y  w o u l d  p r o b a b l y  b e  
l o w .  I t  i s  h a r d  t o  c o n c e i v e  o f  a  s e a 1  o r  w h a l e  b e i n g  h a r m e d  b y  
swimming i n  t h e  a r e a  o f  an e x p l o r a t i o n  p l a t f o r m .  F u r t h e r m o r e ,  it i s  
n o t  known i f  t h e r e  is  an  a p p r e c i a b l e  b u i l d u p  o f  heavy r n e t a l s  a round 
e x p l o r a t i o n  p l a t f o r m s  which t h e n  becomes  i n t r o d u c e d  i n t o  t h e  f o o d  
cha in  and hence s e a l s .  If t h e r e  i s  any ha rmfu l  e f f e c t  it would most  
l i k e l y  b e  a s  a  c o n t r i b u t i o n  t o  t h e  h i g h  l e v e l s  o f  p e t r o l e u m  and 
p o s s i b l y  heavy  m e t a l s  i n  w a t e r  and s e d i m e n t  t h a t  e x i s t  i n  t h e  
v i c i n i t y  of  pe t ro leum d r i l l i n g  p l a t f o r m s .  
7.4 Boat and aircraft traffic 
Boats  and h e l i c o p t e r s  w i l l  presumably be a  common s i g h t  i n  t h e  
v i c i n i t y  of pe t ro leum p l a t f o r m s  a s  s e r v i c e  v e h i c l e s ,  and a l s o  w i l l  
be wide ly  used i n  t h e  c l eanup  o f  any mar ine  o i l  s p i l l a g e .  I t  a p p e a r s  
t h a t  m o s t  m a r i n e  mammals do  n o t  r e a c t  t o  t h e  p r e s e n c e  o f  v e s s e l s  
u n t i l  t h e y  approach beyond a  c e r t a i n  c r i t i c a l  d i s t a n c e ,  a f t e r  which 
t h e y  a c t i v e l y  avoid them. Beluga whales  a r e  n o t  d i s t u r b e d  by b o a t s  
u n t i l  t h e y  a r e  about  one and a  h a l f  m i l e s  away, whereupon t h e y  move 
away. I n  o n e  c a s e  a l l  b e l u g a  w h a l e s  w i t h i n  t h i s  c r i t i c a l  d i s t a n c e  
moved. away from an approaching v e s s e l .  Two hours  a f t e r  t h e  v e s s e l t s  
passage  t h e r e  was a  s t r i p  a  m i l e  wide c o n t a i n i n g  no whales ,  b u t  t h e  
w h a l e  d i s t r i b u t i o n  had r e t u r n e d  t o  n o r m a l  a f t e r  30 h o u r s  ( F r a k e r ,  
1984) .  T h e r e  was no e v i d e n c e  o f  any  l o n g  t e r m  d i s t u r b a n c e  o f  
m i g r a t i o n  p a t t e r n s .  I t  was  s u g g e s t e d  t h a t  t h e  w h a l e s  m i g h t  b e  
r e a c t i n g  w i t h  t h e i r  s o n a r  t o  t h e  t r a i l  o f  t l n y  b u b b l e s  l e f t  i n  t h e  
wake of t h e  v e s s e l .  Humpback w h a l e s  i n  G l a c i e r  Bay, A l a s k a ,  a l s 0  
r e a c t e d  t o  b o a t  t r a f f i c  and t h e y  p o s s e s s  s o n a r  i n  t h e  same way t h a t  
too thed  whales  do. A t  r anges  between one and two miles wha les  tended 
t o  move away f r o m  v e s s e l s  and a t  r a n g e s  o f  l e s s  t h a n  a  m i l e  t h e y  
c h o s e  t o  d i v e  ( F r a k e r ,  1984) .  I n  a n o t h e r  s t u d y ,  humpback w h a l e s  
i n c r e a s e d  d i v e  t i m e s ,  r e d u c e d  s u r f a c e  i n t e r v a l s ,  b r e a c h e d  and 
a c t i v e l y  avoided s h i p  t r a f f i c ,  beginning a t  a  d i s t a n c e  of  o v e r  t h r e e  
km ( B a k e r ,  Herman,  Bays  and Bower ,  1983) .  I n  s e v e r a l  c o n t r a r y  
e p i s o d e s ,  humpback wha les  i n  t h e  Denmark S t r a i t  and t h e  B a r e n t s  Sea 
h a v e  n o t  r e a c t e d  s t r o n g l y  t o  t h e  a p p r o a c h  o f  a  s h i p  and i n  some 
c a s e s  seemed a t t r a c t e d  t o  s h i p s ,  swimming a l o n g s i d e  f o r  p e r i o d s  from 
s e v e r a l  m i n u t e s  t o  o v e r  an  h o u r  ( C h r i s t i a n ,  G r i f f i t h s  and T. 
O r i t s l a n d ,  u n p u b l i s h e d  o b s e r v a t i o n s ) .  C a l i f o r n i a  g r e y  whales  were  
r e p o r t e d  t o  h a v e  a b a n a o n e d  a  l a g o o n  w h e r e  t h e r e  was  c o n s i d e r a b l e  
b o a t  t r a f f i c ,  and t o  h a v e  r e o c c u p i e d  i t  when t h e  b o a t  t r a f f i c  was  
s topped ( F r a k e r ,  1984). These whales  seem, however, t o  a d a p t  t o  t h e  
c l o s e  p r e s e n c e  of a  l a r g e  number o f  b o a t s ,  a s  i n d i c a t e d  by t h e i r  
t o l e r a n c e  of  t h e  l a r g e  number of  t o u r i s t  b o a t s  t h a t  r e g u l a r l y  v i s i t  
t h e  b r e e d i n g  l a g o o n s  o f  B a j a  C a l i f o r n i a .  C o a s t a l  s e a 1  c o l o n i e s ,  
p a r t i c u l a r l y  o f  g r e y  and h a r b o u r  s e a l s ,  c a n  a l s o  come t o  t o l e r a t e  
t h e  c l o s e  approach o f  r e g u l a r  b o a t  t r a f f i c  such a s  f e r r i e . ~ ,  a l t h o u g h  
t h e y  w i l l  t a k e  t o  t h e  w a t e r  i £  an  u n f a r n i l i a r  t y p e  o f  b o a t  
a p p r o a c h e s .  On t w o  l o c a t i o n s  a l o n g  t h e  c o a s t s  o f  Denmark and 
E n g l a n d ,  t h e y  h a v e  a l s o  managed t o  h o l d  t o  t h e i r  o r i g i n a l  c o l o n y  
l o c a t i o n s  a f t e r  t h e  e s t a b l i s h m e n t  of a i r f o r c e  bombing ranges  i n  t h e  
v i c i n i t y  (Tougaard ,  1985) .  
A i r b o r n e  n o i s e  s o u r c e s  a l s o  p r o d u c e  d i s t u r b a n c e  among mar ine  
mamma1 g r o u p s .  C o w l e s  e t  a l .  ( 1 9 8 1 )  s t a t e d  t h a t  h a r b o u r  s e a l s  a r e  
s u s c e p t i b l e  t o  d i s t u r b a n c e  f r o m  l o w  f l y i n g  a e r o p l a n e s  l e a d i n g  t o  
m a s s  e x o d u s  f rom h a u l i n g - o u t  a r e a s .  I f  t h i s  h a p p e n s  d u r i n g  t h e  
b r e e d i n g  s e a s o n ,  pups  may b e  s e p a r a t e d  f rom t h e i r  m o t h e r s  w i t h  
r e d u c t i o n  of  pup s u r v i v a l .  Repeated d i s t u r b a n c e  can f u r t h e r  l e a d  t o  
temporary  o r  t o t a l  abandonment of co lony  s i t e s ,  bo th  i n  phocid s e a l s  
and i n  t h e  w a l r u s .  B u r n s  and Harbo ( 1 9 7 7 ) ,  q u o t e d  by by Cowles  
d. ( 1 9 8 1 ) ,  r e p o r t e d  t h a t  s p o t t e d  s e a l s  r e a c t e d  s t r o n g l y  t o  t h e  
s o u n d s  o f  a i r c r a f t  by r u n n i n g  e r r a t i c a l l y  a c r o s s  f l o e s  and d i v i n g  
o f f ,  w h e r e a s  b e a r d e d  s e a l s  r e a c t e d  much more  m i l d l y .  One o f  t h e  
a u t h o r s  (D.G.) o b s e r v e d  t h a t  humpback w h a l e s  o f f  t h e  e a s t e r n  c o a s t  
o f  A u s t r a l i a  c o n s i s t e n t l y  d i v e d  when a  t w i n - e n g i n e d  s u r v e y  p l a n e  
( P a r t e n a v i a )  f l e w  d i r e c t l y  over  them a t  a  h e i g h t  o f  400111, a l though  
t h e y  d i d  n o t  r e a c t  when t h e  p l a n e  passed f u r t h e r  away. 
I n  summary,  c o a s t a l  p i n n i p e d s  may t o l e r a t e  a n  i n c r e a s e  i n  
s e r v i c e  s h i p p i n g  and a i r c r a f t  provided t h a t  t h e  t r a f f i c  is  r e g u l a r ,  
b u t  w i l l  be  f r i g h t e n e d  and may even abandon t h e i r  haul -out  s i t e s  i f  
s u b j e c t e d  t o  a  h e a v y  t r a f f i c  t h a t  comes  a t  i r r e g u l a r  i n t e r v a l s  o r  
a p p r o a c h e s  t o o  c l o s e l y .  Most w h a l e s  w i l l  p r o b a b l y  a c t i v e l y  a v o i d  
s i n g l e  s h i p s  i n  t h e  open  s e a  by swimming away f r o m  them b u t  t h e  
d i s t u r b a n c e  c a n  b e  e x p e c t e d  t o  b e  t e m p o r a r y  and t h e y  w i l l  r e s u m e  
t h e i r  o r i g i n a l  b e h a v i o u r s  o n c e  t h e  s h i p  h a s  p a s s e d .  T h e r e  may b e  a 
t h r e s h o l d  amount of  b o a t  t r a f f i c ,  a s  y e t  undetermined,  beyond which 
permanent  changes i n  behaviour  and d i s t r i b u t i o n  become e s t a b l i s h e d .  
I n  p a r t i c u l a r ,  t h e  humpback whale has  been shown t o  r e a c t  more than  
m o s t  s p e c i e s  t o  b o a t  and a i r c r a f t  t r a f f i c ,  w h i c h  may l e a d  t o  
d i s r u p t i o n  of i t s  a n n u a 1  m i g r a t i o n  t h r o u g h  t h e  B a r e n t s  S e a  l e a s e  
a r e a .  
8. THE CONSEQUENCES OF LONG TERM O I L  EXPOSURE 
H a v i n g  r e v i e w e d  t h e  m o r e  i m m e d i a t e  e f f e c t s  o f  d i r e c t  o i l  
e x p o s u r e ,  n o i s e ,  shock ,  c h e m i c a l s  and t r a f f i c  on m a r i n e  mammals, we 
w i l l  now l o o k  a t  t h e  w i d e r  s p e c t r u m  of c l i n i c a l  f i n d i n g s  t h a t  have  
been r e c o r d e d  i n  mammals i n c l u d i n g  man, t o  p r o v i d e  some i d e a  o f  wha t  
c o u l d  b e  a n t i c i p a t e d  i n  m a r i n e  mammals knorcrn t o  have  been  i n  c o n t a c t  
w i t h  o i l .  We a l s o  e x a m i n e  t h e  p o s s i b l e  l o n g e r - t e r m  e f f e c t s  o f  
c h r o n i c  e x p o s u r e  o f  m a r i n e  mammals  t o  s m a l l e r  a m o u n t s  o f  o i l ,  F o r  
t h i s  i t  i s  m o s t  c o n v e n i e n t  t o  e x a m i n e  t h e  r e s u l t s  o f  c h r o n i c  
o c c u p a t i o n a l  and a c c i d e n t a l  e x p o s u r e  o f  humans t o  p e t r o l e u m .  
T h e r e  h a v e  a l r e a d y  b e e n  s e v e r a l  r e v i e w s  o f  t h e  c l i n i c a l  
p a t h o l o g y  i n  v a r i o u s  s p e c i e s  o f  m a m m a l s  e x p o s e d  a c u t e l y  o r  
c h r o n i c a l l y  t o  p e t r o l e u m ,  Man a s  w e l l  a s  o t h e r  mammals  r e a c t  t o  
p e t r o l e u m  e x p o s u r e  i n  s i m i l a r  w a y s  a l t h o u g h  m o s t  c l i n i c a l  c a s e  
r e p o r t s  i n  hurnans c o n c e r n  t h e  i n g e s t i o n  o r  i n h a l a t i o n  o f  r e f i n e d  
p e t r o l e u m  p r o d u c t s .  The  e a r l i e s t  a n d  m o s t  commonly  s e e n  e f f e c t s  
a f t e r  s u d d e n  e x p o s u r e  a r e  u s u a l l y  i n  t h e  p u l m o n a r y ,  g a s t r o -  
i n t e s t i n a l  and c e n t r a l  n e r v o u s  s y s t e m s .  I n  many c a s e s  where  o i l  i s  
i n g e s t e d  and s w a l l o w e d ,  a  s m a l l  amount o f  t h e  l o a d  i s  a l s o  i n h a l e d  
l e a d i n g  t o  t h e  o n s e t  of a c u t e  pneumonia. F o l l o w i n g  t h i s  a c u t e  p h a s e  
t h e r e  i s  o f t e n  s e e n  a  m o r e  c h r o n i c  p n e u m o n i a  w i t h  a  g r a n u l o m a t o u s  
r e a c t i o n  l e a d i n g  t o  f i b r o s i s  ( B e e r m a n n ,  C h r i s t e n s s o n ,  MØller a n d  
S t i l l s t r ~ m ,  1984) .  The  p u l m o n a r y  p a r t  o f  t h e  c l i n i c a l  p i c t u r e  i s  
u s u a l l y ,  a t  l e a s t  i n  man,  t h e  m o s t  s e r i o u s  a n d  t h e  o n e  r e s p o n s i b l e  
f o r  t h e  mos t  d e a t h s .  Hydrocarbons  i n  t h e  vapour  p h a s e  a r e  a b s o r b e d  
r a p i d l y  and can  r e a c h  h i g h  b lood  l e v e l s  ( J u c k ,  1980). However, it i s  
o n l y  t h e  l i g h t e r  p e t r o l e u m  f r a c t i o n s  t h a t  d o  d a m a g e  a f t e r  
i n h a l a t i o n ;  m o l e c u l e s  l a r g e r  t h a n  C15  a r e  n o t  dangerous (Ca rpen te r ,  
Geary ,  Myers,  N a c h r e i n e r ,  S u l l i v a n  and King ,  1976). 
E n t e r i t i s  ( i n f l a m m a t i o n  o f  t h e  i n t e s t i n e )  i s  a n o t h e r  common 
f i n d i n g ,  d u e  do  t h e  d i r e c t  i r r i t a n t  a c t i o n  o f  p e t r o l e u m  on  t h e  g u t  
mucosa .  T h i s  e f f e c t  i s  common i n  r u m i n a n t s  ( J u c k ,  1 9 8 1 )  a n d  h a s  
a l r e a d y  been d i s c u s s e d  i n  C h a p t e r  6 i n  r e l a t i o n  t o  i n t o x i c a t i o n  of 
p o l a r  b e a r s ,  o t t e r s ,  and phoc id  s e a l s  (Babin  and Duguy, 1985). S i g n s  
e x h i b i t e d  i n c l u d e  v o m i t i n g ,  h a e m a t e m e s i s  ( v o m i t i n g  o f  b l o o d )  a n d  
m e l a e n a  ( b l o o d  i n  f a e c e s )  ( J u c k ,  1 9 8 1 ) .  L i g h t e r  p e t r o l e u m s  s u c h  a s  
g a s o l i n e  may a c t u a l l y  have  t h e i r  g r e a t e s t  a c t i o n  t h r o u g h  t h e  l u n g ,  
e v e n  a f t e r  s w a l l o w i n g ,  d u e  t o  t h e  v e r y  h i g h  v a p o u r  p r e s s u r e  
g e n e r a t e d  by warming t h e  f l u i d s  up t o  body t e m p e r a t u r e  ( C a r n e v a l e ,  
C h i a r o t t i  and De Giovann i ,  1983). 
Damage t o  t h e  t h i r d  s y s t e m  commonly  a f f e c t e d ,  t h e  c e n t r a l  
ne i -vous  s y s t e m ,  i s  u s u a l l y  d e m o n s t r a t e d  a s  d e p r e s s i o n  and  s t u p o r ,  
a l t h o u g h  e x c i t a t i o n  may a l s o  r e s u l t ,  p a r t i c u l ~ r l y  i f  i t  i s  t h e  
l i g h t e r  f r a c t i o n s  t h a t  a r e  i n v o l v e d  ( E v a n s  a n d  R i c e ,  1 9 7 4 ) .  We 
d i s c u s s e d  i n  Chap te r  6 t h e  p o s s i b i l i t y  t h a t  t h r a s h i n g  s e e n  i n  r i n g e d  
s e a l s  a f t e r  e x p o s u r e  t o  f r e s h  c r u d e  o i l  ( G e r a c i  a n d  S m i t h ,  1 9 7 7 ) ,  
c o u l d  h a v e  b e e n  d u e  t o  n e r v o u s  s y s t e m  e x c i t a t i o n .  A l b i n o  r a b b i t s  
d o s e d  d a i l y  f o r  f i v e  d a y s  w i t h  u n d i l u t e d  k e r o s e n e  b e c a m e  s l u g g i s h  
and s t u p o r o u s ,  and a l s o  had s w o l l e n  s tomach  and i n t e s t i n a l  mucosae 
( G e r a r d e ,  1 9 5 9 ,  q u o t e d  b y  J u c k ,  1981) .  I n  many c a s e s  o f  a c c i d e n t a l  
p e t r o l e u m  i n h a l a t i o n ,  e s p e c i a l l y  o f  l i g h t e r  f r a c t i o n s ,  d e a t h  i s  
a c t u a l l y  d u e  t o  a c t i o n  on t h e  n e r v o u s  s y s t e m  a f t e r  r a p i d  a b s o r p t i o n  
i n t o  t h e  b l o o d ,  i n v o l v i n g  p r o g r e s s i v e  m e d u l l a r y  p a r a l y s i s  l e a d i n g  t o  
r e s p i r a t o r y  f a i l u r e  ( C a r n e v a l e  et a., 1983) .  S y m p t o m s  e x p e r i e n c e d  
b y  p e o p l e  m o r e  l i g h t l y  i n t o x i c a t e d  b y  p e t r o l e u m  i n c l u d e  
h a l l u c i n a t i o n ,  c o n f u s i o n ,  d u l l n e s s ,  l o s s  o f  b a l a n c e ,  d i s t o r t i o n  of 
c o l o u r  v i s i o n ,  l o s s  o f  a p p e t i t e ,  headache ,  v o m i t i n g ,  c o n v u l s i o n s  and 
d e a t h  ( G e r a c i  and S t .  Aubin,  1982)- Long t e r m  i n h a l a t i o n  r e s u l t s  i n  
d e g e n e r a t i o n  o f  t h e  b r a i n  a n d  p e r i p h e r a l  n e r v e s .  L o n g - t e r m  
o c c u p a t i o n a l  e x p o s u r e  t o  t h e  l i g h t e r  p e t r o l e u m  f r a c t i o n s  h a s  a l s o  
b e e n  a s s o c i a t e d  i n  p e o p l e  w i t h  p r o g r e s s i v e  m e n t a l  d i s t u r b a n c e  - 
d e p r e s s i o n ,  a n x i e t y ,  f a t i g u e  and p e r s o n a l i t y  change  ( S t r u w e ,  Knave 
and Mindus, 1983). 
O t h e r  c l i n i c a l  e f f e c t s  d e s c r i b e d  i n c l u d e  i n f l a m m a t i o n  a n d  
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d e g e n e r a t i o n  of  t h e  k i d n e y  ( n e p h r i t i s )  a n d  l i v e r  ( h e p a t i t i s )  w i t h  
s u b s e q u e n t  l o s s  o f  f u n c t i o n ,  e n l a r g e m e n t  and  i n f l a m m a t i o n  o f  t h e  
h e a r t  w i t h  s u b s e q u e n t  d y s r h y t h m i a  ( J u c k ,  1 9 8 1 ) )  a n d  i n t r a v a s c u l a r  
h a e m o l y s i s  f o l l o w e d  b y  h a e m a t u r i a  and  h a e m o g l o b i n u r i a  ( A d l e r ,  
R o b i n s o n  a n d  B i n k i n ,  1 9 7 6 ) .  S y s t e m i c  a b s o r p t i o n  o f  b e n z e n e  and  o f  
i n  t h e  C g - ~ 1 2  r a n g e  p r o d u c e s  i n  a  number  o f  s p e c i e s  
d e g e n e r a t i v e  changes  i n  t h e  bone marrow r e s u l t i n g  i n  anaemia  ( J u c k ,  
1980). T h i s  e f f e c t  was a l s o  s e e n  i n  p o l a r  b e a r s  c o a t e d  by c r u d e  o i l  
( C h a p t e r  6 ) .  
C h r o n i c  a p p l i c a t i o n  o f  p e t r o l e u m  p r o d u c t s  t o  t h e  s k i n  may 
r e s u l t  i n  i n f l a m m a t o r y  change  ( a e r m a t i t i s )  o r  even n e o p l a s i a ,  Du t ton  
( 1 9 3 4 )  a t t r i b u t e d  t h e  i r r i t a n t  e f f e c t  t o  t h e  c o n t e n t  o f  s u l p h u r  
conpounds  i n  t h e  o i l ,  p a r t i c u l a r l y  hydrogen s u l p h i d e .  The r e s u l t a n t  
d e r m a t i t i s  c a n  b e  o f  a n  e c z e m a t o i d  e x f o l i a t i n g  t y p e ,  w i t h  d r y i n g ,  
s c a l i n g ,  c r a c k i n g  a n d  f l a k i n g  o f  t h e  s k i n .  If t h e  c r a c k i n g  i s  
s e r i o u s  enough t h e r e  i s  l e a k a g e  of e x t r a c e l l u l a r  f l u i d  o n t o  t h e  s k i n  
s u r f a c e .  T h i s  d r y  f o r m  of  d e r m a t i t i s  h a s  a l s o  b e e n  o b s e r v e d  a f t e r  
t h e  a p p l i c a t i o n  of  p u r e  h y d r o c a r b o n  i n  t h e  a b s e n c e  o f  s u l p h u r  
( F o g e d ,  1 9 8 4 ) .  A l t e r n a t e l y  a n  a c n e  t y p e  o f  d e r m a t i t i s  may r e s u l t  
t h a t  i s  m o r e  p u s t u l a r .  I n  o n e  s t u d y  i n  P o l a n d ,  s u c h  a n  a c n e  
c o n d i t i o n  w a s  f o u n d  i n  6 8 %  o f  p e o p l e  w o r k i n g  w i t h  o i l s  a n d  
p e t r o l e u m - b a s e d  c o o l a n t s  i n  a  m a c h i n i n g  w o r k s  ( S a n t a r i t a s - K a c z u r ,  
1984) .  O t h e r  r e s e a r c h  h a s  shown t h a t  t h e  l i g h t e r  f r a c t i o n s  o f  
p e t r o l e u m  a r e  a l s o  v e r y  i r r i t a n t  t o  t h e  s k i n .  B e n z e n e  a p p l i c a t i o n  
caused  derma1 f i b r o s i s  i n  r a t s  w h i l e  a p p l i c a t i o n  o f  s l i g h t l y  h e a v i e r  
m o l e c u l e s  r e s u l t e d  m o r e  i n  t h e  e f f e c t s  d e s c r i b e d  a b o v e  ( D u t t o n ,  
1934). T o p i c a l l y  a p p l i e d  k e r o s e n e  h a s  c a u s e d  h a i r  l o s s  i n  t h e  h o r s e  
and  s e v e r e  d e r r n a t i t i s  i n  c a t t l e  ( J u c k ,  1 9 8 1 ) .  C o n s i d e r i n g  t h e  
c o n s i s t e n t  h i s t o r y  o f  p a t h o l o g y  a f t e r  t h e  a p p l i c a t i o n  o f  
hyd roca rbons  t o  s k i n ,  it i s  s u r p r i s i n g  t h a t  t h e r e  have  n o t  been any  
r e p o r t s  o f  s i m i l a r  r e s u l t s  i n  p i n n i p e d s  a f t e r  c o a t i n g  w i t h  c r u d e  
o i l .  I t  may b e  t h a t  i n  t h e  few t r i a l s  t h a t  h a v e  b e e n  m a d e ,  t h e  o i l  
h a s  n o t  been l e f t  on l o n g  enough t o  p roduce  an e f f e c t .  
H y d r o c a r b o n s  c a n  b e  e x t r e m e l y  i r r i t a n t  i f  t h e y  f i n d  t h e y  way 
i n t o  s u b c u t a n e o u s  t i s s u e ,  d e p e n d i n g  on  t h e  s i z e  o f  t h e  m o l e c u l e  
i n v o l v e d .  S u c h  s i t u a t i o n s  h a v e  b e e n  d e s c r i b e d  i n  p e o p l e  a f t e r  
a c c i d e n t s  w i t h  a p p l i a n c e s  t h a t  u s e  s o l v e n t s  unde r  h i g h  p r e s s u r e  and 
a f t e r  t h e  i n t e n t i o n a l  b u t  mi sgu ided  i n j e c t i o n  o f  pe t ro l eum.  I n  some 
c a s e s ,  f o r  e x a m p l e  when k e r o s e n e  i s  u s e d ,  r e a c t i o n  i s  i m m e d i a t e ,  
a l t h o u g h  it is n o t e w o r t h y  t h a t  o i l  may l i e  do rman t  f o r  l o n g  p e r i o d s  
b e f o r e  c a u s i n g  i n f l a m m a t i o n .  I n  a  p a r t i c u l a r l y  i n t e r e s t i n g  b u t  
e x t r e m e  c a s e ,  t w o  men i n  t h e i r  m i d - 6 0 ' s  were t r e a t e d  f o r  p u r e l e n t  
c e l l u l i t i s  of t h e  s c a l p  w i t h  d r a i n i n g  s i n u s e s  a f t e r  h a v i n g  r e c e i v e d  
s u b c u t a n e o u s  i n j e c t i o n s  o f  p a r a f f i n  o i l  f o r  p a t t e r n  b a l d n e s s  some 30 
y e a r s  p r e v i o u s  ( K l e i n ,  C o l e ,  B a r r ,  B a r t l o w  a n d  F u l w i d e r ,  1 9 8 5 ) .  I n  
a n o t h e r  c a s e ,  s u b c u t a n e o u s  i n j e c t i o n  o f  f i v e  m i l l i l i t r e s  of k e r o s e n e  
r e s u l t e d  i n  a b s c e s s  f o r m a t i o n  f o l l o w e d  b y  u l c e r a t i o n  ( Q a r y o u t e ,  
1984). O t h e r  c a s e s  o f  a b s c e s s  f o r m a t i o n  have  been r e p o r t e d  a f t e r  t h e  
i n j e c t i o n  of k e r o s e n e  ( R u b i n s t e i n ,  S e g a l ,  T i r o s h ,  Dolev and F i n d l e r ,  
1985) .  
One f e a t u r e  t h a t  r e a l l y  o n l y  becomes a p p a r e n t  a f t e r  l o n g - t e r m  
e x p o s u r e  t o  o i l  i s  i t s  n e o p l a s i a  p r o d u c i n g  a b i l i t y .  An i n c r e a s e d  
i n c i d e n c e  o f  v a r i o u s  c a n c e r s  a n d  t u m o u r s ,  b o t h  a t  t h e  s i t e  o f  o i l  
e x p o s u r e  and  d i s t a n t  t o  i t ,  h a s  b e e n  d e s c r i b e d  r e p e a t e d l y  among 
w o r k e r s  i n  t h e  p e t r o l e u m  i n d u s t r y  ( S a v i t z  a n d  Moure ,  1 9 8 4 ) .  A s  a n  
e x a m p l e ,  t w o  s t u d i e s  i n  t h e  U n i t e d  S t a t e s  r e v e a l e d  t h a t  t h e  
i n c i d e n c e  of l u n g  c a n c e r  among o i l  r e f i n e r y  w o r k e r s  was 1.6 and 3.0 
times h i g h e r  t h a n  i n  t h e  g e n e r a l  p o p u l a t i o n .  O t h e r  s t u d i e d  r e v e a l e d ,  
h o w e v e r ,  much w e a k e r  a s s o c i a t i o n s .  T h e r e  i s  b e t t e r  ag reemen t  t h a t  
l y m p h a t i c  a n d  h a e m o p o i e t i c  t u m o u r s  ( f o r  e x a m p l e  l ymphoma  and  
l e u k e m i a )  o c c u r  m o r e  o f t e n  among o i l  i n d u s t r y  w o r k e r s .  O t h e r  
n e o p l a s i a s  t h a t  have  been  r e p o r t e d  a s  b e i n g  r e l a t i v e l y  more common 
a f t e r  h y d r o c a r b o n  e x p o s u r e  a r e  b r a i n  t u m o u r  a n d  s t o m a c h  c a n c e r  
( T h o m a s ,  M a x w e i l e r ,  C r a n d a l l ,  W h i t e ,  M o u r e - E r a s o  a n d  F r a u m e n i ,  
1 9 8 4 ) ,  s k i n  c a n c e r  ( P u r d e  and  Rahu,  1 9 7 9 ) ,  S e r t o l i  c e l l  t u m o u r  
( M i l l s ,  Newel l  and Johnson ,  1984) and b l a d d e r  c a r c i n o m a  (Mommsen and 
Aagard,  1984). N e o p l a s i a  was n o t  l i m i t e d  m e r e l y  t o  t h o s e  p e o p l e  who 
h a d  h a d  d i r e c t  c o n t a c t  w i t h  p e t r o l e u m .  I n  o n e  s t u d y  i n  t h e  
N e t h e r l a n d s ,  i t  w a s  f o u n d  t h a t  c h i l d r e n  o f  women e m p l o y e d  i n  t h e  
p e t r o l e u m  i n d u s t r y  w h i l s t  p r e g n a n t ,  deve loped  l e u k e m i a  a t  a  r a t e  t w o  
a n d  a  h a l f  t imes  g r e a t e r  t h a n  i n  t h e  g e n e r a l  p o p u l a t i o n  ( v a n  
S t e e n s e l - M o l l ,  V a l k e n b u r g  a n d  v a n  Z a n e n ,  1 9 8 5 ) .  One p o s s i b l e  
e f f e c t  t h a t  h a s  n o t  b e e n  i n v e s t i g a t e d  i n  t h i s  c h a p t e r  i s  h o r m o n a l  
d i s t u r b a n c e .  I n g e s t i o n  o f  o i l  b y  s e a b i r d s  r a i s e s  p l a s m a  
c o r t i c o s t e r o n e  a n d  t h y r o x i n e  c o n c e n t r a t i o n  a n d  c a n  l e a d ,  t h r o u g h  
e n d o c r i n e  d i s f u n c t i o n ,  t o  r e t a r d a t i o n  o f  g r o w t h ,  i m p a i r m e n t  o f  
o s m o r e g u l a t i o n  a n d  h y p e r t r o p h y  o f  a d r e n a l  a n d  n a s a l  g l a n d  t i s s u e  
( P e a k a l l ,  T r e m b l a y ,  K i n t e r  and  M i l l e r ,  1 9 8 1 ) .  We h a v e  n o t  f o u n d  
i n f o r m a t i o n  i n  t h e  l i t e r a t u r e  on d i s t u r b a n c e  o f  r e p r o d u c t i v e  o r  
o t h e r  h o r m o n a l  h o m e o s t a s i s  by  p e t r o l e u m .  E i t h e r  i t  h a s  n o t  b e e n  
i n v e s t i g a t e d  o r  t h e r e  i s  no e f f e c t .  \{e p ropose  t h a t  t h i s  s u b j e c t  b e  
i n v e s t i g a t e d  a s  p a r t  o f  a n y  f u t u r e  s t u d y  o f  t h e  e f f e c t s  o f  o i l  i n  
m a r i n e  mammals. 
T h i s  c h a p t e r  h a s  r e v e a l e d  t h a t  b o t h  a c u t e  i n t o x i c a t i o n  by and 
c h r o n i c  e x p o s u r e  t o  p e t r o l e u m  p r o d u c t s  c a n  p r o d u c e  a  much w i d e r  
r a n g e  o f  p a t h o l o g y  t h a n  t h a t  which  h a s  been  p r e v i o u s l y  d e s c r i b e d  i n  
m a r i n e  mammals. We do  n o t  s u g g e s t ,  o f  c o u r s e ,  t h a t  t h e  o i l  e f f e c t s  
d e s c r i b e d  h e r e  w i l l  b e c o m e  common i n  B a r e n t s  S e a  s e a l s  a f t e r  
e s t a b l i s h m e n t  o f  a  p e t r o l e u m  i n d u s t r y  t h e r e .  A t  t h e  s a m e  t ime  o n e  
w i l l  d i s c o v e r  i n  a  c a r c a s e  d u r i n g  n e c r o p s y  o n l y  a s  much a s  o n e  i s  
p r e p a r e d  t o  l o o k  f o r .  By c o l l a t i n g  t h i s  l i s t  o f  p u b l i s h e d  
p a t h o l o g i c a l  f i n d i n g s  we hope t o  a l e r t  p e o p l e  t o  t h e  p a t h o l o g y  t h a t  
c o u l d  c o n c e i v a b l y  be  found  i n s i d e  o r  on a  m a r i n e  mammal, i n  o r d e r  t o  
s t i m u l a t e  i n t e r e s t  i n  t h e  e x a m i n a t i o n  o f .  a n i m a l s  a f t e r  o i l  c o n t a c t  
and t h e  c o l l e c t i o n  o f  r e l e v a n t  t i s s u e  s a m p l e s  d u r i n g  necropsy .  
VALUED ECOSYSTEM CBMPONENTS ( V E C s )  
A CONCEPT FOR EVALUATING TlB EFFECTS OF O I L  IN AH ECOSYSTEM 
The o b j e c t i v e  of  a  C o n s e q u e n c e  A n a l y s i s  i s  o f  c o u r s e  t o  
e v a l u a t e  t h e  consequences  o f  e s t a b l i s h i n g  a  p e t r o l e u m  i n d u s t r y  i n  a  
r e g i o n ,  I m p l i c i t  i n  t h i s  a im i s  t h e  need t o  i d e n t i f y  e n v i r o n m e n t a l l y  
i m p o r t a n t  p a r a m e t e r s  i n  t h e  r e g i o n  a n d  t h e n  t o  m o n i t o r  t h e m  f o r  
s i g n s  o f  change  a s  t h e  i n d u s t r y  becomes p r o g r e s s i v e l y  e s t a b l i s h e d .  A 
m a j o r  p r o b l e m  i s  t o  s e l e c t  t h e  p a r a m e t e r s  t o  b e  m e a s u r e d .  One 
a p p r o a c h  t o  t h e  p r o b l e m  w h i c h  may h a v e  m e r i t  i s  t h a t  o f  B e a n l a n d s  
and  D u i n k e r  ( 1 9 8 3 ) ,  who d e v e l o p e d  t h e  c o n c e p t  o f  V a l u e d  E c o s y s t e m  
Components (VECs). VECs a r e  d e f i n e d  a s  any  r e s o u r c e  o r  e n v i r o n m e n t a l  
f e a t u r e  t h a t  c o u l d :  e i t h e r  1. b e  i m p o r t a n t  t o  t h e  l o c a l  human 
popu la t i o r ! ,  o r  2. have  n a t i o n a l  o r  i n t e r n a t i o n a l  p r o f i l e s ,  o r  3. be  
i m p o r t a n t  i n  e v a l u a t i n g  t h e  i m p a c t s  of deve lopmen t  and i n  f o c u s i n g  
m a n a g e m e n t  o r  r e g u l a t o r y  p o l i c y ,  i f  a l t e r e d  f r o m  t h e i r  e x i s t i n g  
s t a t u s .  A V E C  c a n  t h e r e f o r e  b e  a n  i n d i c a t o r  s p e c i e s  t h a t  i s  
s e n s i t i v e  t o  o i l ,  a  q u a l i t y  o f  l i f e  t h a t  a  l o c a l  community c o n s i d e r s  
i m p o r t a n t  s u c h  a s  c l e a n  a i r  and w a t e r ,  a n i m a l s  t h a t  have  c o n c e p t u a l  
v a l u e  t o  p e o p l e  i n  o t h e r  l a n d s  s u c h  a s  b a l e e n  w h a l e s ,  a  s p e c i e s  t h a t  
o c c u p i e s  a  c e n t r a l  p o s i t i o n  i n  t h e  f o o d - w e b ,  a  s p e c i e s  w h o s e  
c o m m e r c i a l  h a r v e s t  i s  e c o n o m i c a l l y  i m p o r t a n t ,  and  s o  on. The  VEC 
c o n c e p t  h a s  s u b s e q u e n t l y  b e e n  u s e d  i n  t h e  B e a u f o r t  E n v i r o n m e n t a l  
M o n i t o r i n g  P r o j e c t  (BEMP) s u r v e y  o f  t h e  p o t e n t i a l  e f f e c t s  o f  
p e t r o l e u m  e x t r a c t i o n  f r o m  t h e  B e a u f o r t  S e a  i n  t h e  n o r t h w e s t  o f  
Canada. 
I n  i t s  c o n s i d e r a t i o n  o f  c o n s e q u e n c e  a n a l y s i s  u s i n g  t h e  VEC 
a p p r o a c h ,  t h e  BEMP s t u d y  u s e d  t h e  f o l l o w i n g  s e q u e n c e :  
1. I d e n t i f i c a t i o n  of Valued Ecosystem Components. 
2 .  Review o f  p r o b a b l e  i n d u s t r i a l  s c e n a r i o s .  
3. D e f i n i t i o n  o f  t h e  s t u d y  a r e a ,  
4 ,  D e f i n i t i o n  o f  t h e  t empora1  h o r i z o n  f o r  m o n i t o r i n g ,  
5. I d e n t i f i c a t i o n  o f  i m p a c t  h y p o t h e s e s  t h a t  r e l a t e  
development a c t i v i t i e s  t o  V E C s .  
6 .  P r e l i m i n a r y  s c r e e n i n g  o f  i m p a c t  h y p o t h e s e s  f o r  
v a l i d i t y ,  r e l e v a n c e  and c r e d i b i l i t y .  
7 .  Eva lua t ion  of  impact hypotheses .  
8. D e f i n i t i o n  o f  r e s e a r c h  and m o n i t o r i n g  p r o g r a m m e s  
necessa ry  t o  t e s t  v a l i d  impac t  hypotheses .  
Such a  f u l l  c o n s i d e r a t i o n  o f  t h e  V E C  c o n c e p t  i s  o u t s i d e  t h e  
s c o p e  o f  t h i s  p r e l i m i n a r y  r e p o r t ,  b u t  we w i l l  i d e n t i f y  t h o s e  
ecosystem components r e l a t e d  t o  mar ine  mammals which we c o n s i d e r  t o  
b e  o f  v a l u e  i n  t h e  B a r e n t s  Sea  l e a s e  a r e a .  We w i l l  t h e n  s u g g e s t  
p r e l i m i n a r y  hypotheses  whereby B a r e n t s  Sea V E C s  may be a f f e c t e d  by 
pet ro leum development. It i s  i m p o r t a n t  t o  p o i n t  o u t  however t h a t  t h e  
V E C  a p p r o a c h  c a n  h a v e  o n e  p o t e n t i a l  d e f i c i e n c y .  B e c a u s e  t h o s e  
s p e c i e s  i m p o r t a n t  i n  t h e  eyes  of t h e  g e n e r a l  p u b l i c  a r e  o f t e n  h i g h e r  
marnmals and t o p  prec ia tors ,  i t  i s  p o s s i b l e  t o  over-emphasize a s  V E C s ,  
and s u b s e q u e n t l y  m o n i t o r ,  s p e c i e s  s u c h  a s  s e a l s  and w h a l e s  whose  
d y n a m i c s  do n o t  r e f l e c t  t h e  s t a t e  o f  t h e  e c o s y s t e m  a s  a  whole .  I f  
one  i s  t o  u s e  t h i s  s y s t e m ,  i t  i s  i m p o r t a n t  a l s o  t o  i d e n t i f y  a  
r e p r e s e n t a t i v e  range  of  i n d i c a t o r  s p e c i e s  s e n s i t i v e  t o  t h e  l e v e l  of  
o i l  i n  t h e  e n v i r o n m e n t ,  e v e n  t h o u g h  t h e y  may b e ,  f o r  e x a m p l e ,  
b e n t h i c  b i v a l v e s  w h i c h  m o s t  members o f  t h e  human communi ty  h a v e  
never  heard  of .  
I n  t h i s  p r e l i m i n a r y  c o n s i d e r a t i o n  of  t h e  e f f e c t s  of  o i l  i n  t h e  
B a r e n t s  Sea l e a s e  a r e a ,  we have i d e n t i f i e d  t h e  f o l l o w i n g  a s  Valued 
Ecosystem Components: 
1. The h a r p  s e a 1  (Phoca  p r o e n l a n d i c a )  and i t s  c o r n m e r c i a l  
h a r v e s t ,  b e c a u s e  i t  i s  a s o u r c e  o f  i n c o m e  t o  c o m m u n i t i e s  i n  
n o r t h e r n  Norway and because  of i ts  i n t e r a c t i o n  w i t h  f i s h  s t o c k s  
and f i s h e r i e s  i n  t h e  B a r e n t s  Sea .  Harp  s e a l s  o f  t h e  W h i t e  S e a  
( E a s t  I c e )  p o p u l a t i o n  a r e  found i n  l a r g e  numbers throughout  t h e  
B a r e n t s  S e a  i n  summer and a u t u m n ,  d u r i n g  t h e  p e l a g i c  f e e d i n g  
phase of  t h e i r  annua1 cyc le .  
2.  T h e  r i n g e d  s e a 1  ( P h o c a  h i s w i d a ) ,  b e c a u s e  o f  i t s  
impor tance  a s  a  p rey  s p e c i e s  f o r  t h e  p o l a r  b e a r ,  t h e  p o l a r  f o x ,  
and b i r d  l i f e  i n  i c e  a reas .  
3. T h e  b e a r d e d  s e a 1  ( E r i ~ n a t h u s  b a r b a t u s  b a r b a t u s ) ,  
because  it f e e d s  on b i v a l v e s  and o t h e r  b e n t h i c  i n v e r t e b r a t e s  i n  
s h a l l o w  s e a s ,  and i s  t h e r e f o r e  i s  a  p o s s i b l e  i n d i c a t o r  o f  t h e  
e f f e c t  of o i l  on b e n t h i c  s p e c i e s .  
4. The g r e e n l a n d  r i g h t  k lhale  ( B a l a e n a  m v s t i c e t u s ) .  W h i l e  
very  few green land  whales  can be  expected  i n  t h e  proposed l e a s e  
a r e a s ,  t h i s  a n i m a l  d e s e r v e s  V E C  c l a s s i f i c a t i o n  b e c a u s e  o f  
i t s  s t a t u s  a s  an endangered s p e c i e s .  
5. The minke  w h a l e  ( B a l a e n o R t e r a  a c u t o r o s t r a t a )  and i t s  
commercial  h a r v e s t ,  because  it i s  an i m p o r t a n t  s o u r c e  of  income 
t o  communi t ies  i n  n o r t h e r n  and wes te rn  Norway. 
6 .  The humpback whale (MenaRtera novaeanaleae) ,  because  o f  
i t s  i n t e r n a t i o n a l  p r o f i l e .  
7. The p o l a r  b e a r  ( U r s u s  m a r i t i m u s ) ,  b e c a u s e  o f  i t s  
i n t e r n a t i o n a l l y  p r o t e c t e d  s t a t u s  and i n t e r n a t i o n a l  p r o f i l e ,  and 
because  of i t s  ex t reme  s e n s i t i v i t y  t o  pe t ro leum i n t o x i c a t i o n .  
8. The c a p e l i n  f i s h i n g  i n d u s t r y ,  because  of  i t s  commercial  
v a l u e ,  t h e  i m p o r t a n c e  of c a p e l i n  a s  p r e y  o f  c o d ,  s e a l s  and 
w h a l e s ,  and i t s  p o s s i b l e  v a l u e  a s  a n  i n d i c a t o r  s p e c i e s  o f  t h e  
amount of o i l  i n  t h e  mar ine  environment.  
9 .  The s c a l l o p  h a r v e s t ,  b e c a u s e  t h e  s c a l l o p  i s  a  p r e y  
s p e c i e s  f o r  t h e  b e a r d e d  s e a l ,  i s  s u s c e p t i b l e  t o  p e t r o l e u m  
t o x i c i t y  and may t h e r e f o r e  be  a  v a l u a b l e  i n d i c a t o r  s p e c i e s  f o r  
t h e  amount of  pe t ro leum i n  t h e  mar ine  ecosystem and because  it 
is  a deve lop ing  i n d u s t r y .  
10.  P e t r o l e u m - i n d u c e d  s k i n  and i n t e r n a l  i r r i t a t i o n  o f  
mar ine  mammals, because  mar ine  mammals a r e  h i g h e r  a n i m a l s  t h a t  
probably  have t h e  c a p a c i t y  t o  f e e l  p a i n  and t o  " s u f f e r W .  
11 .  R e c r e a t i o n a l  h u n t i n g  o f  s e a l s ,  i f  t h i s  h a s  an 
impor tance  t o  l o c a l  human communit ies ,  
12. The f a s t - i c e  e c o s y s t e m ,  b e c a u s e  p e t r o l e u m  s p i l l e d  i n  a  
s e a - i c e  e n v i r o n m e n t  w e a t h e r s  and d i s p e r s e s  v e r y  s l o w l y  and h a s  
a  p ro longed  e f f e c t  on l o c a l  l i f e .  
O t h e r  components  may be  e q u a l l y  i m p o r t a n t  i n  a  g e n e r a l  l i s t  o f  
r e l e v a n t  VEC1s. However, t h i s  r e v i e w  i s  concerned  o n l y  w i t h  rnammals 
and f u r t h e r  d i s c u s s i o n  i s  l i m i t e d  t o  t h e  e f f e c t s  of o i l  on mammals. 
I n  d e v e l o p i n g  t h e  p o s s i b l e  s c e n a r i o s  i n v o l v i n g  V E C s  a n d  t h e  
p e t r o l e u m  i n d u s t r y ,  we can  c o n s i d e r  a s  p o s s i b l e  f a c t o r s :  
1 .  N o i s e  and  d e s t r u c t i o n  o f  i c e  f r o m  s e r v i c e  s h i p p i n g  
a c t i v i t y ,  
2 .b !o i se  f r o m  a i r c r a f t  a c t i v i t y .  
3. Noise  and shock  f rom seismic e x p l o r a t i o n  a c t i v i t y .  
4. Regu la r  o p e r a t i o n a l  n o i s e  f rom s t a t i o n a r y  o i l - d r i l l i n g  
p l a t f  orms. 
5. C h r o n i c  o i l  l e a k a g e  f r o m  e s t a b l i s h e d  r i g s  a n d  
p i p e l i n e s .  
6 .  Acute  a c c i d e n t a l  o i l s p i l l s  from r i g s  and t a n k e r s .  
7. T o x i c  e f f e c t s  o f  d r i l l i n g  muds a n d  o t h e r  c h e m i c a l s  
s p i l l e d  d u r i n g  t h e  d r i l l i n g  p h a s e  o f  o p e r a t i o n .  
H a v i n g  i d e n t i f i e d  t h e  V E C s  f o r  t h e  B a r e n t s  S e a  a n d  f a c t o r s  
i n v o l v e d  i n  o i l  e x t r a c t i o n  t h a t  m i g h t  a f f e c t  them,  it i s  p o s s i b l e  t o  
p roceed  w i t h  some h y p o t h e s e s  of how t h e  two  m i g h t  i n t e r a c t ,  ba sed  on 
p r e v i o u s  k n o w l e d g e  o f  t h e  e f f e c t s  o f  o i l  and  n o i s e  on m a r i n e  
mammals. Such h y p o t h e s e s  r e p r e s e n t  p o s s i b i l i t i e s  f o r  e f f e c t s ,  some 
o f  w h i c h  w i l l  i n e v i t a b l y  b e  h i g h l y  p r o b a b l e ,  s o m e  u n l i k e l y  a n d  
o t h e r s  v e r y  d i f f i c u l t  t o  i n v e s t i g a t e  e v e n  t h o u g h  p e r h a p s  p r o b a b l e .  
The f o l l o w i n g  is  an i n i t i a l  l i s t  of h y p o t h e s e s  a p p l i c a b l e  t o  VECs i n  
t h e  B a r e n t s  S e a ,  c o v e r i n g  t h e  m o s t  s e r i o u s  p o s s i b i l i t i e s .  The  
c o v e r a g e  n e c e s s a r y  i n  a  c o m p l e t e  Consequence A n a l y s i s  would need t o  
be  c o n s i d e r a b l y  more e x t e n s i v e .  
H y p o t h e s i s  1. S k i n  i n f l a m m a t o r y  r e a c t i o n s  t o  o i l  w i l l  i n c r e a s e  
t h e  f o o d  e n e r g y  r e q u i r e m e n t s  o f  s e a l s  i n  w a t e r  a n d  l e a d  t o  d e a t h  
from h y p o t h e r m i a  and s t a r v a t i o n .  
D e r m a t i t i s  ( s k i n  i n f l a m m a t i o n )  may o c c u r  i f  t h e  s k i n  o f  s e a l s  
i s  c o a t e d  w i t h  o i l  f o r  p ro longed  p e r i o d s ,  T h i s  s i t u a t i o n  may o c c u r  
if ( a )  o i l i n g  o c c u r s  d u r i n g  t h e  m o u l t i n g  p e r i o d  when s e a l s  s p e n d  
c o n s i d e r a b l e  p e r i o d s  on s h o r e  o r  i c e ,  s o  t h a t  o i l  is n o t  washed f rom 
t h e  p e l a g e ,  o r  ( b )  a n  u n d i s p e r s e d  o i l  s l i c k  d r i f t s  i n t o  a  c o l o n y  
s u c h  t h a t  s e a l s  a r e  r e c o a t e d  w i t h  o i l  e v e r y  t ime  t h e y  e n t e r  t h e  
w a t e r ,  o r  ( c )  s e a l s  a r e  c o n t a c t e d  b y  h e a v y  f u e l  a i l s  t h a t  m a t t  t h e  
p e l a g e  and  d o  n o t  w a s h  o f f ,  o r  ( d )  s e a l s  a r e  c o n t a c t e d  by  r e f i n e d  
p e t r o l e u m  p r o d u c t s  w i t h  a  more i r r i t a n t  s o l v e n t  a c t i o n  on t h e  s k i n .  
Should  an i n f l a m m a t o r y  s k i n  r e a c t i o n  o c c u r ,  p a r t i c u l a r l y  d u r i n g  
w i n t e r  a n d  s p r i n g  w i t h  w a t e r  t e m p e r a t u r e s  o f  O " C  o r  b e l o w ,  we c a n  
s u r m i s e  t h a t  ( a )  no rma l  p h y s i o l o g i c a l  mechanisrns f o r  l i n i i t a t i o n  of 
s k i n  b lood  f l o w  and h e a t  c o n s e r v a t i o n  w i l l  b e  o v e r r i d d e n ,  o r  ( b )  an 
i n c r e a s e  i n  b lood  f l o w ,  an  i n t e g r a l  p r o p e r t y  o f  i n f l a m m a t i o n ,  w i l l  
i n c r e a s e  s k i n  h e a t  l o s s  and p r o v i d e  t h e r m a l  s t ress ,  o r  ( c )  m e t a b o l i c  
r a t e  w i l l  r ise  t o  compensa t e  f o r  t h e r m a l  s t r e s s ,  o r  (d )  food  e n e r g y  
r e q u i r e m e n t  w i l l  i n c r e a s e ,  o r  ( e )  s u b c u t a n e o u s  b l u b b e r  t h i c k n e s s  
w i l l  d e c r e a s e  a s  b l u b b e r  i s  c o n s u m e d  a s  a n  e n e r g y  s o u r c e ,  f u r t h e r  
i n c r e a s i n g  h e a t  c o n d u c t a n c e  f r o m  t h e  b o d y  and  i n c r e a s i n g  t h e r m a l  
s t r e s s  ( f )  a s  a  r e s u l t  o f  i n c r e a s e d  h e a t  l o s s  f r o m  d e r m a t i t i s  a n d  
f r o m  a  r e d u c e d  b l u b b e r  l a y e r ,  s e a l s  w i l l  n o t  b e  a b l e  t o  m a i n t a i n  
body t e m p e r a t u r e  and m o r t a l i t y  r a t e s  w i l l  i n c r e a s e .  
We t h i n k  t h i s  i s  a  r e a l i s t i c  s c e n a r i o  f o r  s e a l s  e x p o s e d  t o  a n  
a c u t e  o i l  s p i l l  i n  t h e  c o l d e r  w a t e r s  and s h o r e l i n e s  o f  t h e  B a r e n t s  
Sea ,  and t h a t  t h e  f o l l o w i n g  p o i n t s  s h o u l d  be  f u r t h e r  i n v e s t i g a t e d :  
A. The r e a c t i o n  o f  t h e  s k i n  t o  p ro longed  l o c a l  a p p l i c a t i o n  
o f  p e t r o l e u m  p r o d u c t s .  
B, M e a s u r e m e n t  of  m e t a b o l i c  r a t e  c h a n g e ,  s k i n  h e a t  l o s s ,  
f o o d  e n e r g y  c o n s u m p t i o n  a n d  b l u b b e r  t h i c k n e s s  f o r  g r a d e d  
d o s a g e s  o f  o i l - f o u l i n g  and d i f f e r e n t  t e m p e r a t u r e s .  
C. D e v e l o p m e n t  o f  a  m o d e l  f o r  t h e  e s t i m a t i o n  o f  t h e  
m e t a b o l i c  e f f e c t s  o f  e x t e r n a l  o i l - f o u l i n g  o f  h a i r  s e a l s .  
H y p o t h e s i s  2. S k i n  i n f l a m m a t o r y  r e a c t i o n s  t o  o i l ,  and o t h e r  o i l  
e f f e c t s ,  w i l l  change  t h e  no rma l  h a u l o u t  b e h a v i o u r  o f  s e a l s  and a l t e r  
( a )  t h e  l e v e l  o f  p r e d a t i o n  and ( b )  p o p u l a t i o n  e s t i m a t i o n  and c e n s u s  
t e c h n i q u e s .  
O i l  c o n t a m i n a t i o n  l e a d s  t o  i n c r e a s e d  s o l a r  h e a t  a b s o r p t i o n  t h a t  
on s t i l l  d a y s  may c a u s e  e x c e s s i v e  h e a t  l o a d i n g  and f o r c e  a n i m a l s  t o  
i n c r e a s e  t h e  p r o p o r t i o n  of t ime  s p e n t  i n  t h e  w a t e r ,  w h e r e  f u r t h e r  
o i l - f o u l i n g  may occu r .  F u r t h e r  f o u l i n g  may e x a g g e r a t e  t h e  i r r i t a n t  
a c t i o n s  o f  o i l  and l e a d  t o  d e r m a t i t i s  ( s e e  h y p o t h e s i s  1). Subsequen t  
t h e r m a l  s t ress  and d i f f i c u l t y  i n  m a i n t a i n i n g  body  t e m p e r a t u r e  may 
f o r c e  s e a l s  t o  r e m a i n  h a u l e d  o u t  when t h e y  would n o r m a l l y  be  i n  t h e  
w a t e r ,  l e a d i n g  t o  ( a )  f e w e r  f e e d i n g  e x c u r s i o n s  and u s e  o f  b l u b b e r  a s  
an e n e r g y  s o u r c e ,  r e d u c i n g  i . n s u l a t i o n  and i n c r e a s i n g  t h e r m a l  s t r e s s  
( b )  i n c r e a s e d  p r e d a t i o n  ( c )  o v e r - e s t i m a t i o n  o f  t h e  p o p u l a t i o n  s i z e  
d u r i n g  census .  
We t h i n k  t h i s  h y p o t h e s i s  i s  p o s s i b l e  b u t  t h a t  i n v e s t i g a t i o n  o f  
i t  would b e  v e r y  d i f f i c u l t  on an  e x p e r i m e n t a l  b a s i s .  E v a l u a t i o n  of  
t h o s e  o i l  e f f e c t s  t h a t  w o u l d  a c t  a t  a  p o p u l a t i o n  l e v e l  c o u l d  b e  
p r e d i c t e d  f rom t h e  model deve loped  f o r  t h e  s o l v i n g  o f  H y p o t h e s i s  1. 
H y p o t h e s i s  3. S k i n  i n f l a m m a t o r y  r e a c t i o n s  t o  o i l  w i l l  i n t e r f e r e  
w i t h  t h e  m o u l t i n g  p r o c e s s .  
Any i n f l a m m a t i o n  t h a t  e x t e n d s  deep  enough t o  i n v o l v e  t h e  h a i r  
r o o t  w i l l  p r o b a b l y  i n t e r f e r e  w i t h  t h e  p r o d u c t i o n  o f  new h a i r s  a n d  
compromise t h e  mou l t ,  I n  p r a c t i c e ,  t h e  r o o t  o f  t h e  h a i r  l i e s  deep  i n  
t h e  d e r m i s  and  o n l y  s e v e r e  i n f l a m m a t i o n  w o u l d  a f f e c t  i t  d i r e c t l y .  
T h i s  h y p o t h e s i s  i s  meant  t o  e m p h a s i s e  t h a t  no s t u d i e s  have  y e t  been 
c a r r i e d  o u t  on t h e  e f fec t s  of o i l  on m o u l t i n g  a n i m a l s .  
H y p o t h e s i s  4. The  l a n u g o  o f  p u p s  w i l l  a c t  a s  a  r e s e r v o i r  f o r  
o i l ,  i n c r e a s i n g  t h e  p o s s i b i l i t y  o f  s k i n  i n f l a m m a t o r y  r e a c t i o n  t o  
o i l .  
A c u t e  e x p e r i m e n t s  h a v e  i n d i c a t e d  t h a t  b r i e f  e x p o s u r e  o f  f a t  
l a n u g o - c o a t e d  p u p s  t o  o i l  p r o d u c e s  few o r  no  s h o r t - t e r m  e f f e c t s .  
Longer- term e f fec t s  have  n o t  been i n v e s t i g a t e d ,  Ringed s e a 1  pups i n  
l a i r s  wear  l a n u g o  f o r  a t  l e a s t  two  months and ,  i f  f o u l e d ,  may s u f f e r  
i r r i t a t i o n  a f t e r  c h r o n i c  exposu re .  
H y p o t h e s i s  5. S k i n  i n f l amrna to ry  r e a c t i o n  t o  o i l  w i l l  i - e ta rd  s e a 1  
pup w e i g h t  g a i n  d u r i n g  l a c t a t i o n  and w i l l  a c c e l e r a t e  w e i g h t  l o s s  i n  
weaned pups ,  t h u s  i n c r e a s i n g  t h e  m o r t a l i t y  r a t e  i n  t h e  O +  a g e  group.  
P u p s  f o u l e d  by  o i l  b e f o r e  t h e y  h a v e  a c c u m u l a t e d  b l u b b e r  may 
s u f f e r  i n c r e a s e d  h e a t  l o s s  d u e  t o  r e d u c t i o n  o f  t h e  i n s u l a t i v e  
p r o p e r t i e s  o f  t h e  pe l age .  I f  t h i s  o c c u r s  an  i n c r e a s e d  p r o p o r t i o n  o f  
t h e  e n e r g y  i n g e s t e d  i n  t h e  m i l k  w i l l  go  t o w a r d s  t h e  ma in t enance  o f  
deep  body t e m p e r a t u r e ,  r e s u l t i n g  i n  r educed  w e i g h t  g a i n  and r educed  
b l u b b e r  t h i c k n e s s ,  and u l t i m a t e l y  r educed  long - t e rm s u r v i v a l .  
H y p o t h e s i s  6. O i l  t r a n s p o r t e d  i n t o  t h e  s u b n i v e a n  l a i r s  o f  r i n g e d  
s e a 1  w i l l  b e  s p r e a d  w i d e l y  a round t h e  l a i r ,  w i l l  i n c r e a s e  t h e  s o l a r  
h e a t  a b s o r p t i o n  of t h e  w a l l s  o f  t h e  l a i r ,  and w i l l  r e s u l t  i n  p a r t i a l  
m e l t i n g  o r  c o l l a p s e  o f  t h e  l a i r  l e a d i n g  t o  i n c r e a s e d  p r e d a t i o n  b y  
p o l a r  b e a r s  and foxes .  
L a c t a t i n g  r i n g e d  s e a l s  make r e g u l a r  f e e d i n g  e x c u r s i o n s  d u r i n g  
t h e  t w o  m o n t h  l a c a t i o n  p e r i o d ,  l e a v i n g  t h e  pup  i n  t h e  l a i r .  D u r i n g  
t h e s e  e x c u r i o n s ,  m o t h e r s  may make c o n t a c t  w i t h  o i l  t r a p p e d  i n  
b r e a t h i n g  h o l e s ,  l e a d s  a n d  u n d e r  t h e  i c e ,  a n d  may t r a n s p o r t  a  
p r o p o r t i o n  o f  t h i s  o i l  b a c k  t o  t h e  l a i r .  S p r e a d i n g  o f  t h i s  . o i l  
a round  t h e  i n t e r i o r  o f  t h e  l a i r  by t h e  mo the r  and pup may da rken  it 
t o  t h e  e x t e n t  t h a t  t h e  m i c s o - c l i m a t e  o f  t h e  l a i r  i s  a l t e r e d  a n d  
p a r t i a l  m e l t i n g  of  t h e  s t r u c t u r e  o c c u r s ,  B e c a u s e  p o l a r  b e a r s  a n d  
Arc t i c  f o x e s  l o c a t e  l a i r s  b y  s m e l l ,  a n y  t h i n n i n g  o f  t h e  l a i r  w i l l  
i n c r e a s e  t h e  l i k e l y h o o d  of i t s  d i s c o v e r y .  
We f e e l  t h i s  i s  a  r e a l i s t i c  h y p o t h e s i s  t h a t  can  b e  i n v e s t i g a t e d  
e x p e r i m e n t a l l y  by: 
A. A p p l i c a t i o n  of  c r u d e  o i l  i n t o  i n h a b i t e d  l a i r s  a n d  
s t u d y i n g  t h e  s u b s e q u e n t  d i s t r i b u t i o n  o f  t h e  o i l  a rouna  t h e  l a i r .  
B. Documenting t h e  f a t e  o f  e a c h  s t u d y  l a i r .  
H y p o t h e s i s  7. L a c t a t i n g  r i n g e d  s e a 1  w i l l  t r a n s p o r t  o i l  i n t o  
subn ivean  b i r t h  l a i r s  o v e r  t h e  t w o  month l r c t a t i o n  p e r i o d ,  where  it 
w i l l  a c c u m u l a t e  and  h a v e  t o x i c  e f f e c t s  on t h e  pup  a n d  p e r h a p s  t h e  
mother .  
R i n g e d  s e a 1  m o t h e r s  make r e g u l a r  f e e d i n g  e x c u r s i o n s  d u r i n g  
l a c t a t i o n ,  l e a v i n g  t h e  p u p  a l o n e  i n  t h e  l a i r .  On e a c h  e x c u r s i o n ,  
m o t h e r s  may make f r e s h  c o n t a c t  w i t h  o i l  t r a p p e d  i n  l e a d s ,  b r e a t h i n g  
h o l e s ,  and unde r  i c e ,  and t r a n s p o r t  a  p r o p o r t i o n  o f  t h i s  o i l  back  t o  
t h e  l a i r ,  p r o g r e s s i v e l y  i n c r e a s i n g  t h e  d e g r e e  o f  f o u l i n g  o f  t h e  
l a i r .  B e c a u s e  o i l  i n  i c e  e n v i r o n m e n t s  w e a t h e r s  e x t r e m e l y  s l o w l y ,  
t h i s  o i l  may be  e x p e c t e d  t o  c o n t a i n  r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  
l i g h t  p e t r o l e u m  components ,  which a r e  a l s o  t h e  mos t  a c u t e l y  t o x i c .  
Because of ( a )  t h e  i n c r e a s e d  t e m p e r a t u r e  i n  t h e  l a i r ,  ( b )  s p r e a d i n g  
o f  t h e  o i l  o n t o  s u r f a c e s  o f  t h e  l a i r  b y  t h e  s e a l s  a n d  ( c )  t h e  s m a l l  
v o l u m e  o f  t h e  l a i r ,  c o n c e n t r a t i o n s  o f  p e t r o l e u m  i n  t h e  a i r  may 
i n c r e a s e  t o  a  d e g r e e  where  t o x i c ,  e s p e c i a l l y  n e u r o t o x i c ,  e f f e c t s  may 
occu r .  B e f o r e  t h i s  happens ,  a v o i d a n c e  r e a c t i o n  o f  pungen t  fumes  may 
f o r c e  t h e  m o t h e r  a n d  pup  t o  o t h e r  l a i r s  o r  o n t o  t h e  i c e  s u r f a c e ,  
w i t h  i n c r e a s e d  p r e d a t i o n  by p o l a r  b e a r s ,  a r c t i c  f o x e s  and b i r d s .  
We t h i n k  t h i s  s c e n a r i o  o f  t h e  e f f e c t  o f  a n  a c u t e  c r u d e  o i l  
s p i l l  i n  f a s t  i c e  i s  p o s s i b l e ,  d e p e n d i n g  on ( a )  t h e  a m o u n t  o f  o i l  
t r a n s p o r t e d  i n t o  t h e  l a i r  by t h e  mo the r ,  ( b )  t h e  q u a n t i t y  o f  l i g h t e r  
c o m p o n e n t s  i n  t h e  o i l ,  ( c )  t h e  s i z e  and  a g e  o f  t h e  p u p ,  ( d )  t h e  
s u s c e p t i b i l i t y  o f  r i n g e d  s e a l s  t o  i n h a l e d  p e t r o l e u m  p r o d u c t s  ( e )  
w h e t h e r  o i l  c a n  e v a p o r a t e  s i g n i f i c a n t l y  i n  t h e  l a i r  a t  l o w  

T h a t  o i l  r e d u c e s  a n d  s o m e t i m e s  e x t e r m i n a t e s  l o c a l  b e n t h i c  
f a u n a  b o t h  by d i r e c t  p h y s i c a l  s m o t h e r i n g  and by t o x i c i t y  i s  known. 
What  i s  unknown i s  t h e  a r e a  o v e r  w h i c h  t h e s e  s p e c i e s  w o u l d  b e  
a f f e c t e d  and s o  w h e t h e r  t h e  e f f e c t  would show i t s e l f  a s  a  r e d u c t i o n  
i n  numbers  of p r e d a t o r  a n i m a l s  s u c h  a s  t h e  w a l r u s  and bea rded  s e a l .  
I n  p r a c t i c e  t h e  m a r g i n  o f  e r r o r  i n v o l v e d  i n  m o s t  s u r v e y i n g  
t e c h n i q u e s  o f  m a r i n e  mammals makes t h i s  h y p o t h e s i s  v e r y  d i f f i c u l t  t o  
i n v e s t i g a t e .  
Many o t h e r  h y p o t h e s e s ,  l i k e l y  a n d  u n l i k e l y ,  a r e  w o r t h  
c o n s i d e r i n g  b u t  may p r o v e  q u i t e  d i f f i c u l t  t o  c o n f i r m  e x p e r i m e n t a l l y  
b e f o r e  a p e t r o l e u m  i n d u s t r y  a c t u a l l y  b e c o m e s  e s t a b l i s h e d  i n  t h e  
B a r e n t s  Sea. Among t h e s e  h y p o t h e s e s  t h e  f o l l o w i n g  may be  c o n s i d e r e d :  
11.  No i se  from s e r v i c e  b o a t s  and a i r c r a f t  w i l l  f r i g h t e n  c o a s t a l  
s e a 1  c o l o n i e s ,  i n t e r f e r i n g  w i t h  b r e e d i n g .  
12. Underwater  b l a s t i n g  f o r  seismic s u r v e y i n g  w i l l  k i l 1  s e a l s ,  
d i s r u p t  t h e  humpback  w h a l e  c o a s t a l  m i g r a t i o n ,  a n d  d i s t u r b  o t h e r  
l a r g e  wha le s  c a u s i n g  changes  i n  b e h a v i o u r  and d i s t r i b u t i o n .  
13. T h e  i n c r e a s e d  human p o p u l a t i o n  o f  s e r v i c e  t o w n s  w i l l  
d i s t u r b  l o c a l  c o a s t a l  s e a 1  p o p u l a t i o n s  t h r o u g h  h u n t i n g  p r e s s u r e  and 
s i g h t - s e e i n g  . 
1 O. RECOMHENDATIONS FOR FURTHER RESEARCH 
I n  c o n c l u s i o n  o f  a  f a i r l y  e x h a u s t i v e  r e v i e w  o f  t h e  e f f e c t s  o f  
p e t r o l e u m  e x p o s u r e  on m a r i n e  m a m m a l s ,  we f e e l  t h e r e  i s  c l e a r l y  
enough i n f o r m a t i o n  from e x p e r i m e n t a t i o n  and a c t u a l  c a s e  s t u d i e s  t o  
b e  a b l e  t o  p r e d i c t  w h a t  w i l l  h a p p e n  t o  s e a l s  i n  t h e  c a s e  o f  o i l  
e x p o s u r e  d u r i n g  summer t e m p e r a t u r e s ,  a t  l e a s t  i n  t h e  s h o r t  t e r m ,  and 
a l s o  t o  p o l a r  b e a r s  a n d  t o  o t t e r s .  Mos t  o f  t h e  p o l a r  b e a r s  a n d  
o t t e r s  f o u l e d  b y  o i l  w o u l d  d i e ;  m o s t  s e a l s  w o u l d  b e  l i t t l e  
d i s t u r b e d .  The s i t u a t i o n  i n  w h a l e s  is n o t  s o  c l e a r ,  E x t e r n a l  f o u l i n g  
w o u l d  i n  m o s t  c a s e s  h a v e  l i t t l e  a c u t e  e f f e c t .  The  i n t e r n a l  d a m a g e  
d o n e  by  i n g e s t e d  o i l  i s  unknown a n d  h a s  n o t  b e e n  i n v e s t i g a t e d .  We 
a r e  conce rned  t h a t  we a r e  u n a b l e  t o  p r e d i c t  c o n f i d e n t l y  what  would 
happer !  t o  m a r i n e  mammals  f o u l e d  f o r  l o n g  p e r i o d s  by  o i l  o r  f o u l e d  
unde r  w i n t e r  c o n d i t i o n s  ( f o r  example  i n  t h e  B a r e n t s  Sea  i n  w i n t e r  o r  
a r o u n d  S v a l b a r d ) .  T h i s  i s  b e c a u s e  t h e r e  i s  s t i l l  a  d e f i c i e n c y  o f  
i n f o r m a t i o n  i n  c e r t a i n  c r i t i c a l  a r e a s  o f  knowledge.  I n  t h i s  c h a p t e r  
we l i s t  t h e  i n f o r m a t i o n  which mus t  be  o b t a i n e d  t o  f i l 1  t h e  g a p s  and 
t h e  i n v e s t i g a t i o n s  n e c e s s a r y  t o  g e t  t h a t  i n f o r m a t i o n .  
1 .  T h e  e x t e r n a l  e f f e c t s  o f  o i l - f o u l i n g  o f  s e a l s  i n  c o l d  
t e m p e r a t u r e s .  
T h i s  f i r s t  a r e a  o f  d e f i c i e n c y  h a s  b e c o m e  o u r  m a i n  c o n c e r n  i n  
t h e  c o u r s e  o f  p r e p a r i n g  t h e  r e v i e w  a n d  c o n c e r n s  p a r t i c u l a r l y  t h e  
t h e r m o r e g u l a t o r y  e f f e c t s  o f  o i l - f o u l i n g  o f  s e a l s  i n  c o l d  c l i m a t e s .  
A t  p r e s e n t  t h e  l o w e s t  t e m p e r a t u r e  t o  which s e a l s  have  been s u b j e c t e d  
d u r i n g  a n  o i l - f o u l i n g  e x p e r i m e n t  i s  p l u s  s e v e n  d e g r e e s  ( S m i t h  a n d  
G e r a c i ,  1975).  I n  t h e  E a r e n t s  S e a  t h e  s u r f a c e  w a t e r  t e m p e r a t u r e  
d u r i n g  w i n t e r  i s  a p p r o x i m a t e l y  p l u s  t h r e e  d e g r e e s  which  i s  n o t  t o o  
m u c h  d i f f e r e n t ,  b u t  a i r  t e m p e r a t u r e  i s  c o n s i d e r a b l y  l o w e r ,  
e s p e c i a l l y  when wind c h i l l  i s  c o n s i d e r e d .  A s  one  t r a v e l s  n o r t h w a r d  
t o  S v a l b a r d  t h e  s i t u a t i o n  i s  even  more extreme, 
The n e x t  f a c t o r  c o n t r i b u t i n g  t o  a  l a c k  o f  u n d e r s t a n d i n g  of t h e  
t h e r m o r e g u l t o r y  e f f e c t  o f  o i l i n g  i s  t h e  s h o r t  t i m e  c o u r s e  of  
p r e v i o u s l y  conducted  e x p e r i m e n t s .  Dur ing  t h e  S m i t h  and G e r a c i  (1975)  
t r i a l ,  a d u l t  r i n g e d  s e a l s  were o i l e d  f o r  o n e  d a y  b e f o r e  b e i n g  
t r a n s f e r r e d  t o  c l e a n  w a t e r ,  and weaned h a r p  s e a l s  f o r  a p p r o x i m a t e l y  
f i v e  d a y s  b e f o r e  b e i n g  k i l l e d .  The c o n c l u s i o n  was t h a t  e x t e r n a l  o i l -  
f o u l i n g  had no permanent  e f f e c t s  i n  t h e s e  a n i m a l s .  \?e a r e  conce rned  
t h a t  t h e  e x p e r i m e n t a l  c o n d i t i o n s  d i d  n o t  m a t c h  t h o s e  w h i c h  w o u l d  
o c c u r  a f t e r  a c c i d e n t a l  o i l i n g  o f  t h e  r i n g e d  s e a l s '  n a t u r a l  
env i ronmen t .  I n  t h i s  c a s e  o i l  would c o l l e c t  i n  l e a d s  and b r e a t h i n g  
h o l e s  i n  t h e  f a s t  i c e  t o  a  t h i c k n e s s  o f  s e v e r a l  c e n t i m e t r e s ,  u n d e r  
i c e  f l o e s  (whe re  it woulo q u i c k l y  be  i n c o r p o r a t e d  i n t o  t h e  i c e )  and 
i n  moving i c e  would a l s o  c o l l e c t  on f l o e  s u r f a c e s .  Because  l a n d - f a s t  
i c e  n o r m a l l y  i s  v e r y  s t a b l e  t h e  o i l  w o u l d  r e m a i n  a n d  f o u l  r i n g e d  
s e a l  e a c h  time t h e y  e n t e r e d  and l e f t  t h e  w a t e r ,  p o s s i b l y  f o r  weeks. 
The t h i r d  f a c t o r  i n  t h e  s t o r y  i s  t h e  e x i s t e n c e  o r  n o t  o f  a n  
i r r i t a n t  e f f e c t  o f  o i l  on  s e a 1  s k i n .  The  c o n c l u s i o n  o f  S m i t h  a n d  
G e r a c i  ( 1 9 7 5 )  was  t h a t  c r u d e  o i l  h a d  n o  s u c h  e f f e c t .  C o n s i d e r i n g  
t h a t  e x t e r n a l  o i l  e x p o s u r e  l e a d s  t o  d e r m a t i t i s  i n  a  w i d e  r a n g e  o f  
s p e c i e s ,  we a r e  conce rned  t h a t  c h r o n i c  o i l  e x p o s u r e  w i l l  e v e n t u a l l y  
p r o d u c e  a  d e r m a t i t i s  i n  s e a l s .  We a r e  a l s o  c o n c e r n e d  t h a t  s i g n s  o f  
d e r m a t i t i s  have  a l r e a d y  been s e e n  i n  m a r i n e  mammals b u t  have  n e v e r  
been p r o p e r l y  i n v e s t i g a t e d ,  f o r  example  w i d e s p r e a d  l o s s  of h a i r  i n  
an o i l - e x p o s e d  n o r t h e r n  f u r  s e a 1  (Kooyman e t  a l , ,  1976) ,  l o s s  o f  t h e  
s k i n  v a s o c o n s t r i c t i o n  r e f l e x  i n  a  s e a  o t t e r  a f t e r  t e n  d a v s  of o i l i n g  
(Cos t a  and Kooyman, 1979) ,  raw s k i n  unde r  o i l  on h a r b o u r  s e a l s  (van 
H a a f t e n ,  1973) ,  l o s s  o f  s k i n  q u a l i t y  i n  o i l e d  r i n g e d  s e a l s  ( M u l l e r -  
Will ie ,  1974). 
When t h e s e  f a c t o r s  a r e  c o n s i d e r e d  t o g e t h e r  we may a s k  t h e  
q u e s t i o n  whe the r  c h r o n i c  e x p o s u r e  o f  o i l  t o  s e a 1  s k i n ,  s u c h  a s  would 
h a p p e n  a f t e r  a n  o i l  s p i l l  i n  i c e ,  may l e a d  t o  d e r m a t i t i s  o r  s k i n  
i n f l a m m a t i o n  w i t h  i n c r e a s e d  s k i n  b lood  f l o w  and h e a t  l o s s  unde r  t h e  
o i l e d  a r e a s ,  If s e a 1  s k i n  b e h a v e s  i n  a  s i m i l a r  way t o  s e a  o t t e r  
s k i n ,  s e a l s  w o u l d  n o t  b e  a b l e  t o  e x e r t  c o m p e n s a t o r y  h e a t - s a v i n g  
v a s o c o n s t r i c t i o n  b u t  w o u l d  c o n t i n u e  t o  l o s e  h e a t .  C o m p e n s a t o r y  
v a s o c o n s t r i c t i o n  i n  t h e  f l i p p e r s  and i n  t h e  s u r r o u n d i n g  c l e a n  s k i n  
m i g h t ,  u n d e r  b e l o w  z e r o  t e m p e r a t u r e s  and  w i n d ,  r e s u l t  i n  a  
d e f i c i e n c y  o f  b lood  f l o w  s e v e r e  enough t o  produce  f r o s t b i t e .  
I n v e s t i g a t i o n  of  t h i s  p o s s i b i l i t y  i s  n e e d e d  t o  b e  a b l e  t o  
p r e d i c t  t h e  e f f e c t s  o f  o i l - f o u l i n g  on s e a l s .  L o c a l i z e d  a p p l i c a t i o n  
o f  o i l  t o  c a p t i v e  s e a l s  f o r  e x t e n d e d  p e r i o d s  u n d e r  c o n t r o l l e d  
t e m p e r a t u r e s  s h o u l d  b e  f o l l o w e d  by h i s t o l o g i c a l  e x a m i n a t i o n  o f  t h e  
s k i n  a f t e r  b i o p s y  and o t h e r  t e s t i n g  t o  measu re  i n f l a m m a t i o n ,  r a t e  o f  
h e a t  f l u x  and r a t e  o f  a b s o r p t i o n  o f  o i l  t h r o u g h  t h e  s k i n  s u r f a c e .  I n  
t h e  c a s e  o f  t h e  r i n g e d  s e a l ,  f u r t h e r  i n v e s t i g a t i o n  s h o u l d  b e  
commenced t o  i n v e s t i g a t e  consequences  o f  p e t r o l e u m  d e p o s i t i o n  i n  t h e  
l a i r ,  w h i c h  w o u l d  p r e s u m a b l y  o c c u r  t h r o u g h  t h e  m o v e m e n t s  o f  t h e  
p a r e n t  s e a l .  
2, T h e  e f f e c t s  o f  c h r o n i c  o i l i n g  o n  hc - rmone  b a l a n c e  a n d  
r e p r o d u c t i o n .  
Mar ine  mammals a r e  b e i n g  f o u l e d  a l r e a d y  by o i l  a l o n g  t h e  c o a s t s  
o f  Norway. These  a n i m a l s  c o u l d  p r o v i d e  u s e f u l  i n f o r m a t i o n  t o  p r e d i c t  
t h e  e f f e c t  o f  o i l  on p i n n i p e d s  a f t e r  t h e  e s t a b l i s h m e n t  o f  a n  o i l  
i n d u s t r y  i n  t h e  B a r e n t s  Sea .  U n f o r t u n a t e l y  t h e r e  i s  n o t  e n o u g h  
p u b l i s h e d  i n f o r m a t i o n  on t h e  b i o l o g y  of t h e s e  s e a l s  o r  t h e  effects  
o f  o i l  f o u l i n g  on them t o  draw any  c o n c l u s i o n s .  
We recommend l o n g - t e r m  s u r v e y s  o f  s e l e c t e d  p o p u l a t i o n s  o f  s e a l s  
l i v i n g  on p o l l u t e d  c o a s t s ,  s u p p l e m e n t e d  w i t h  e x p e r i m e n t a l  s t u d  ies ,  
t o  i n v e s t i g a t e  t h e  q u e s t i o n  w h e t h e r  c h r o n i c  o i l  c o n t a c t  a f f e c t s  
r e p r o d u c t i v e  a n d  i m m u n o l o g i c a l  a b i l i t i e s .  D e f i c i e n c i e s  i n  t h e s e  
a r e a s  w o u l d  r e s u l t  i n  l o w e r e d  r e p r o d u c t i v e  r a t e  a n d  r a t e  o f  
p o p u l a t i o n  i n c r e a s e ,  a n d  i n c r e a s e d  i n c i d e n c e  o f  i l l n e s s  a n d  
n e o p l a s i a  r e s p e c t i v e l y .  A p a r t  f rom t h e  q u e s t i o n  o f  t h e  a f f e c t  o f  o i l  
on s e a l s  i n  c o l d ,  t h i s  q u e s t i o n  o f  t h e  l o n g - t e r m  e f f e c t s  o f  o i l  on 
m a r i n e  mammals  i s  p r e s e n t l y  t h e  m o s t  s e r i o u s  d e f i c i e n c y  i n  t h e  
knowledge. 
I n  s e a - b i r d s ,  o i l  i n g e s t i o n  p r o d u c e s  a  number  a  h o r m o n e  
i n b a l a n c e s  t h a t  r e d u c e  g r o w t h  r a t e  a n d  a r e  e v e n t u a l l y  f a t a l .  
Accord ing  t o  p u b l i s h e d  works ,  a c u t e  o i l  e x p o s u r e  i n  s e a l s  seems t o  
produce  few s h o r t - t e r m  hormonal  u p s e t s  i n  m a r i n e  mammals a p a r t  f rom 
i n c r e a s e d  s e c r e t i o n  o f  a d r e n a l  g l a n d  s t e r o i d s ,  b u t  we d o u b t  t h a t  
r e p r o d u c t i v e  hormone e f f e c t s  have  been  looked  f o r .  I f  s o  t h e y  have  
n o t  b e e n  r e p o r t e d .  S t u d i e s  o f  t h e  e f f e c t  o f  c h r o n i c  f o u l i n g  o n  t h e  
p l a s m a  h o r m o n e  b a l a n c e  w i l l  e n a b l e  b e t t e r  e s t i m a t i o n  o f  t h e  l o n g  
term s u r v i v a l  of o i l  f o u l e d  m a r i n e  mammals. 
The common s e a 1  p o p u l a t i o n  i n  Danish  w a t e r s  i s  i n c r e a s i n g  a t  an 
a n n u a 1  r a t e  o f  some  1 0 % - 1 2 % ,  w h i l e  t h e  c o r r e s p o n d i n g  r a t e  o f f  t h e  
German and Dutch c o a s t s ,  which a r e  p o l l u t e d  w i  t h  p e t r o l e u m  p r o d u c t s ,  
i s  less .  The r a t e  o f  p o p u l a t i o n  i n c r e a s e  o f f  t h e  N o r w e g i a n  west 
c o a s t ,  which  i s  s i m i l a r l y  p o l l u t e d ,  a l s o  a p p e a r s  t o  be  less  a l t h o u g h  
c e n s u s i n g  h a s  s t i l l  n o t  b e e n  c o m p l e t e d .  Whether  c h r o n i c  l o w - l e v e l  
i n g e s t i o n  o f  p e t r o l e u m  l e a d s  t o  i n t e r f e r e n c e  w i t h  r e p r o d u c t i o n  i n  a  
rnanner  s i m i l a r  t o  t h a t  p o l y c h l o r i n a t e d  b i p h e n y l s  (BCBs) s h o u l d  b e  
i n v e s t i g a t e d  t o  e n a b l e  p r e d i c t i o n  o f  t h e  p o s s i b l e  l o n g e r - t e r m  
e f f e c t s  on Norwegian m a r i n e  mammals. T h i s  a im c o u l a  b e  a c h i e v e d  by  
o i l  a d m i n i s t r a t i o n  t o  i n d i v i d u a l  a n i m a l s  and i n t e n s i f i e d  c e n s u s i n g  
o f  Norwegian s e a 1  p o p u l a t i o n s .  
We f u r t h e r  recommend t h e r e  b e  m o r e  a c t i v e  l i a s i o n  w i t h  t h o s e  
c o u n t r i e s  o f  Europe t h a t  have  s e a l s  on t h e i r  c o a s t s  and a r e  a l r e a d y  
e n g a g e d  on  b u i l d i n g  up  a  p i c t u r e  o f  t h e  l e v e l s  o f  p e t r o l e u m  a n d  
o t h e r  p o l l u t a n t s  i n  t h e i r  mar ine  mammals. 
3. D o c u m e n t a t i o n  o f  t h e  a m o u n t  o f  o i l  i n  t h e  m a r i n e  f o o d  c h a i n  i n  
Norwegian w a t e r s .  
T h e r e  i s  p r e s e n t l y  a  d e f i c i e n c y  i n  t h e  k n o w l e d g e  w h e t h e r  
c h r o n i c  o i l  p o l l u t i o n  o f  a  s e a  a c t u a l l y  r e s u l t s  i n  a n  i n c r e a s e d  
t i s s u e  l e v e l  o f  o i l  i n  a n i m a l  s p e c i e s  i n  t h a t  s e a ,  I t  i s  f u r t h e r  
unknown i f  p e t r o l e u m  a c c u m u l a t e s  i n  t i s s u e s  of  t o p - l e v e l  p r e d a t o r s ,  
We recommend measurement  o f  t h e  t i s s u e  l e v e l s  o f  p e t r o l e u m  i n  
m a r i n e  mammals  a n d  t h e i r  p r e y  s p e c i e s  a l o n g  c l e a n  a n d  p o l l u t e d  
s e c t i o n s  o f  t h e  N o r w e g i a n  c o a s t .  T h i s  w i l l  p r o v i d e  i n f o r m a t i o n  
c o n c e r n i n g  t h e  b e h a v i o u r  o f  p e t r o l e u m  i n  t h e  t i s s u e s  o f  m a r i n e  
mammals a f t e r  a  p e t r o l e u m  i n d u s t r y  becomes l o c a l l y  e s t a b l i s h e d .  T h i s  
i n f o r m a t i o n  w i l l  b e  r e l e v a n t  t o  t h e  f u t u r e  s i t u a t i o n  i n  t h e  B a r e n t s  
Sea .  
4. L e v e l s  o f  p e t r o l e u m  i n  a n i m a l s  l o s i n g  body c o n d i t i o n .  
P e t r o l e u m  p r o d u c t s  a c c u m u l a t e  i n  t h e  b l u b b e r  l a y e r .  U t i l i z a t i o n  
o f  t h e  b l u b b e r  d u r i n g  m o u l t i n g ,  b r e e d i n g  and i l l n e s s  i n c r e a s e s  t h e  
r e l e a s e  o f  s t o r e d  p e t r o l e u m  and  may r a i s e  t h e  c o n c e n t r a t i o n  of  
p e t r o l e u m  i n  t h e  p l a s m a  and  p o s s i b l y  m i l k  t o  a  l e v e l  w h e r e  
c l i n i c a l l y  v i s i b l e  r e s u l t s  can  be  seen .  Documen ta t i on  o f  t h e  r e l e a s e  
o f  p e t r o l e u m  s t o r e s  i n  a n i m a l s  l o s i n g  c o n d i t i o n  w i l l  i n c r e a s e  
knobrledge o f  t h e  s a f e  l e v e l s  o f  p e t r o l e u m  i n  m a r i n e  mammals. 
5. I m m e d i a t e  n e c r o p s y  o f  m a r i n e  mammals found dead i n  a s s o c i a t i o n  
w i t h  o i l  c o n t a m i n a t i o n .  
O b j e c t i v e  e v a l u a t i o n  of c a s e  r e p o r t s  o f  o i l - f o u l i n g  o f  m a r i n e  
mammals  h a s  o f t e n  n o t  b e e n  p o s s i b l e  d u e  t o  t h e  l e n g t h  o f  t i m e  
be tween  d e a t h  and p r o f e s s i o n a l  e x a m i n a t i o n  and b e c a u s e  o f  l e s s  t h a n  
a d e q u a t e  v e t e r i n a r y  e x a m i n a t i o n  o f  o i l e d  a n i n a l s .  I n  many s u c h  
r e p o r t s  n e c r o p s y  e x a m i n a t i o n s  have  been pe r fo rmed  p o o r l y  o r  n o t  a t  
a l l .  
S e a l s  and  p r e s u m a b l y  w h a l e s  a r e  a l r e a d y  b e i n g  f o u l e d  by  o i l  
a l o n g  t h e  Norwegian west c o a s t  ( W i i g ,  1985). If a s i m i l a r  s i t u a t i o n  
e x i s t s  h e r e  a s  on t h e  c o a s t  o f  F r a n c e  ( s e e  B a b i n  a n d  Duguy,  19851,  
t h e n  common a n d  g r e y  s e a l s  w i l l  o c c a s i o n a l l y  s t r a n d  a f t e r  o i l  
i n g e s t i o n  and e v e n t u a l l y  d i e .  
F i r s t l y  a  c a m p a i g n  o f  p u b l i c  a w a r e n e s s  i n  t h e  r e p o r t i n g  o f  
s t r a n d e d  m a r i n e  mammals s h o u l d  be  launched .  Second ly  a  s m a l l  t eam o f  
s p e c i a l i s t  v e t e r i n a r y  p a t h o l o g i s t s  s h o u l d  b e  formed t o  i n v e s t i g a t e  
s t r a n d e d  m a r i n e  mammals, p a r t i c u l a r l y  i f  t h e  i n v o l v m e n t  o f  o i l  i s  
s u s p e c t e d .  I n  a d d i t i o n  t o  p e t r o l e u m  i n v e s t i g a t i o n  t h e r e  a r e  p u b l i c  
h e a l t h  r e a s o n s  why t h i s  s h o u l d  b e  done .  P h y s i o l o g i c a l  s t a t e  ( e g  
p r e g n a n c y ,  m o u l t i n g )  and  p a t h o l o g i c a l  s t a t e  ( d i s e a s e s ,  p a r a s i t e s  
e t c )  may t h e n  b e  c o r r e l a t e d  t o  t h e  l e v e l  o f  p e t r o l e u m  p r o d u c t s  i n  
t i s s u e s  and an i n c r e a s e d  u n d e r s t a n d i n g  of p e t r o l e u m  t o x i c i t y .  
6. P r e d i c t i o n  o f  p o l a r  b e a r  m o r t a l i t y  a f t e r  o i l  s p i l l a g e .  
I t  i s  a p p a r e n t  f r o m  t h e  w o r k  o f  N.A. Ø r i t s l a n d  e t  a l .  ( 1 9 8 1 )  
t h a t  m o s t  o f  t h e  p o l a r  b e a r s  o i l e d  a f t e r  a  b l o w o u t  i n  t h e  E a r e n t s  
S e a  w o u l d  d i e  if  n o t  t r e a t e d .  We s p e c u l a t e  a l s o  t h a t  t h e  l o g i s t i c s  
o f  c a p t u r e  a n d  t r a n s p o r t  o f  t h e s e  l a r g e  a n i m a l s  w o u l d  p r e c l u d e  
t r e a t m e n t .  I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  o n l y  m e t h o d  o f  i m p r o v i n g  
o u r  i m m e d i a t e  a w a r e n e s s  o f  t h e  p o s s i b l e  i n t e r a c t i o n  be tween  o i l  and 
p o l a r  b e a r s  i s  t h r o u g h  s u r v e y  o f  p o l a r  b e a r  numbers  i n  t h e  s o u t h e r n  
E a r e n t s  Sea  d u r i n g  w i n t e r  when t h e r e  i s  i ce  i n  t h e  l e a s e  a r e a ,  which  
w i l l  e n a b l e  a n  e s t i m a t e  o f  t h e  n u m b e r  o f  a n i m a l s  l i k e l y  t o  d i e  i n  
t h e  e v e n t  of a  s p i l l a g e .  A t  p r e s e n t  t h e  c o n c e n t r a t i o n  o f  p o l a r  b e a r s  
i n  t h e  l e a s e  a r e a s  i s  n o t  known. 
7. I n v e s t i g a t i o n  of n o i s e  e f f e c t s  on w h a l e s  i n  t h e  B a r e n t s  Sea .  
The  c o n c e r n  h e r e  i s  t h a t  t h e  m i g r a t i o n  o f  t h e  humpback  w h a l e  
t h r o u g h  t h e  E a r e n t s  Sea  o i l  l e a s e  a r e a  may b e  d i s t u r b e d  d u r i n g  t h e  
e s t a b l i s h m e n t  o f  a  p e t r o l e u m  i n d u s t r y  t h e r e ,  h i n d e r i n g  t h e  
r e c r u i t m e n t  r a t e  o f  t h i s  d e p l e t e d  s p e c i e s .  Humpback w h a l e s  a r e  
among t h o s e  s p e c i e s  t h a t  h a v e  b e e n  shown  t o  r e a c t  t o  u n d e r w a t e r  
n o i s e .  
We recommend s u r v e y i n g  of t h e s e  w h a l e s  t o  e s t a b l i s h  an e s t i m a t e  
o f  p o p u l a t i o n  s i z e  a n d  of  m i g r a t i o n  r o u t e  a n d  t i m i n g .  We f u r t h e r  
a d v i s e ,  a s  a  p r o g r e s s i o n  of  t h i s  s t u d y ,  t o  i n v e s t i g a t e  t h e  e f f e c t s  
o f  u n d e r w a t e r  n o i s e  and shock  on t h e  s p e c i e s .  
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